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... A. O. Smith’s proven 
method for fabricating 
aircraft that will 





smash 


the thermal barrier 








4 
*K E. D.O.S. means Engineered 
Designs for Optimum Structures ... 
offers significant savings in fabrication 
of hard, heat-resistant alloys. 


— when airframe construction first switched 
from wood and fabric to light metals — the thin 
alloy skins were actually sewn together with piano 
wire. Manufacturing methods had not kept pace with 
materials development. 

Today, with supersonic aircraft nudging the ther- 
mal barrier, there’s another big switch underway .. . a 
change to heat-resistant, high-strength alloys (steel, 
titanium, stainless). 


This time, however, there’s no need to com- 
promise with light metal methods in hard metal 
fabrication. No need for extensive, time-consuming 
machining...no need to turn costly alloys into scrap. 


The answer is A. O. Smith’s E.D.0.S. — redis- 
tribution of metal for maximum usefulness. Proved 
in the manufacture of jet engine parts and other air- 
craft components — the method consists of precision 
forging, contour rolling, flash and fusion welding. It’s 
made to order for tough metals . . . produces a lighter, 
stronger product at lower cost than any other exist- 
ing process, 


WRITE A. O. SMITH TODAY FOR 
FREE, ILLUSTRATED BOOKLET 


— Bulletin [-17A — complete 
with technical details. Also, 
arrange for showing of 

new 16-mm. sound color 
movie about this 

remarkable process. 














Through research < .@ better way 


AO.Smith Smith 





MILWAUKEE 1. ———E 
International Division: Milwaukee 1, Wisconsin 
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ability arises. Horizontal 
ine is Human Capability. 
intersection at Ti, by De- 
velopment Capability, was 
wint in time when equip- 
nent exceeded human 
imitations. Later, De- 
velopment Capability ~as 
ntersected at Te by Re- 
varch Capability. Here 
the demands of Research 
ceeded development re- 
wurees, And here Relia- 
lity is born. 
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Letters 


Please send all letters to the editor to our 
editorial offices, 77 South St., Stamford, Conn. 





More on Advancement 


Washington Grove, Md. 

Your February issue carried a letter, 
“They’re Too Healthy!” regarding pro- 
motion of engineers from engineering 
into management. 

If a man is truly a first-class engineer, 
he is unsuited to management. This 
statement can be backed by thousands 
of case histories. Your man may be in- 
herently a manager who has learned 
something of engineering. If this is 
true, he can be shown how to get into 
management. But if he is an engineer, 
he would be well advised to keep away 
from line management. 

As a broker of trained brains, there 
is hardly a week in which I find no 
person out of step with his ambitions. 
Less than one man in four has the prime 
characteristic for engineering. About 
thirty-five other characteristics are 
needed, so the really good engineer is a 
rare individual, A corporation having 


such a unique person should keep him 
in engineering, and at a_ substantial 

salary! He can do things for them! 
STUART LUMAN SEATON, D.Sc., 
CONSULTING ANALYST 


Stamford, Conn. 

... There are a number of professional 
executive counseling services which for 
a fee will assist this party in assessing 
his own potential. 

If your correspondent has the techni- 
cal requisites, his problem might be 
solved by Executive search specialists 
who, like our company, make extensive 
use of psychological evaluation of both 
the position and candidates for it. Thus 
he receives the benefits of a counseling 
service (at no cost to himself) which 
even if he lost out to another candidate, 
would prove invaluable. 

WILLIAM A. BARKER 
SENIOR ASSOCIATE, 
CLARK, CHANNELL, INC. 





Why not brief us 
on your problems 
involving special 


COATINGS ? 


We manufacture many types of 
vacuum-deposited coatings .. . 
and we're both willing and pre- 
pared to work with you on your 
special problems. In fact, it is a 
key part of our business. 


Whatever the nature or size of 


your problem, why not put it 


up to us? 
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Reference file on vacuum-deposited coatings. 


Data on 
hardness, durability, water resistance and other 
characteristics. Covers these coatings: 


LIBERTY vacuum-deposited COATINGS 


LIBERTY MIRROR DIVISION 


LIBBEY°-OWENS:FORD GLASS CO. 


BRACKENRIDGE, 


reflection, transmission, adherence, 


Aluminum First Surface Mirrors 
Chromium First Surface Mirrors 
Gold First Surface Mirrors 
Neutral Filters 
Transparent Mirrors 
Beam Splitters, High Efficiency 
{low or no light absorption loss) 
Beam Splitting Dichroic Mirrors 
Beam Splitting Dichroic Filters 
Metallic Electrically Conducting Coatings 
Transparent Electrically Conducting Coatings 
Beam Splitters or Dichroic Mirrors 
(with transparent electrically conducting coatings) 
Low Reflection Coatings 


WRITE FOR YOUR REFERENCE FILE 


PA. 
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information, Please! 


Charlottesville, Va, 

Since your publication receives notices 

of unusual testing equipment I wonder 

if you know of any device for accurately 

measuring small areas. The usual plani- 

meter is not accurate enough for the 

areas we have in mind, i.e., a reading 

of say 2 or 3. The problem is of sucha 

nature that an electronic integrator cap- 
not be read. 

H. A. MERENESS, 

HEAD, MERCHANT'S Las, 

INSTITUTE OF TEXTILE TECHNOLOGY 


Bainbridge, N.Y. 
Your excellent article on Solar Fu. 
naces made me wonder if it would h 
practical to make a plastic paraboloid 
reflector similar to an inflatable house. 
An elastic sheet could be mounted asa 
drum head and the interior partially 
evacuated to produce a concave surface 
which would be given a reflective coat- 
ing. It would probably be necessary t 
selectively thicken certain zones of the 
drum head in order to produce a true 
parabolic curve. I would appreciate com- 
ments on such a device. 

R. B. DEAN, DEVELOPMENT Maa, 
THE BORDEN (0, 
CHEMICAL DIVISION 

Readers’ comments are invited. 


Fruition 


New York, N.Y. 

Congratulations to you and to Mr. 

R. K. Stolz for “Organizing for Effective 

R/D” in your February issue. This is 

far and away the best brief exposition 

on a difficult subject that I have seen 
yet. 

MURRAY BERDICK, P#.D. 

COORDINATOR OF RESEARCH 

EVANS RESEARCH & DEVELOPMENT CORP. 


Rogers, Conn. 

We believe that your magazine is 

doing an excellent job of filling a g@P 
which has existed in periodicals ai 

at technical people. We are wondering 

if you have any plans for including arti- 

cles on technical report writing in Tt 


search and engineering in the future. 
R. C. BERRY 


PRODUCT DEVELOPMENT 
RocerRS CORPORATION 
Yes, some are in process. 
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The Fairchild Motion Analysis Camera System, com- 
pletely light-weight and portable, designed with the aid 
of the men in the field for today’s instrumentation and 
research needs. The Fairchild MAC features: 

-A 10 Ib. camera, suitable for handholding. 

~A 41% Ib. field power supply, smaller than a cigar box. 

—Camera and event synchronizer (a-c or d-c), the size 
of a large briefcase. 

—A tripod that folds down to a length of 16”. 

— Lighting equipment, minimal size, portable. 

—A complete family of ruggedized lenses from 3.7 
to. 254 mm and auxiliary optical equipment which 
includes fiducial markers and means for making com- 
bined oscillographic and high-speed motion pictures. 

Performance: 

—The widest speed range available, covered with eas- 
ily interchangeable motors. 

—Unrivalled picture steadiness and sharpness. 

~Stop-start operation up to 450 pps. 

Capable of withstanding severe environments of vibra- 
tion, acceleration or shock. 


—fAIRGHILD 


CAMERA AND INSTRUMENT 


CORPORATION 





industrial Camera Division 


32 to 8,000 pictures per second with the 
newest high-speed motion picture camera 


—Color film without color correction filters. 
— Simplest loading and operation. 


Cost: 
— The camera with any lens from 13 to 154 mm. focal 


length and any single motor is only $1,190.00. 


For full information on the camera and complete system 
plus latest data on high speed photography, mail coupon 
today: 


Free Quarterly Newsletter 
“WHAT'S GOING ON IN PHOTOGRAPHIC INSTRUMENTATION?” 


Fairchild Camera & Instrument Corporation 
Industrial Camera Division, Dept. 130-2A1. 


88-06 Van Wyck Expressway, Jamaica 1, N. Y. 
West Coast: 6111 E. Washington Blvd., Los Angeles, Calif. 


Please send me full information on MAC and include your free 
newsletter “What's going on in photographic instrumentation?” , 


Name. te oe ee ee Title. 
sali Ni eel a 


Street 


City. , Zone State 
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Merritt A. Williamson 


TECHNICAL MANAGEMENT 


What about Expense Accounts? 


Expense accounts! Here is a subject which may or 
may not be the bane of a Technical Manager’s existence, 
but is surely a bone of contention with engineers. I am 


not speaking about expenses for the moving of employees ~ 


or their temporary living expenses. Such arrangements 
are usually the result of negotiations between the em- 
ployee and an officer of the company. But I am speaking 
of the run-of-the-mill expense accounts for travel and 
entertainment of “visiting firemen.” It is certainly a 
subject of live importance to the business managers of 
technical operations wherever they may be in the com- 
pany’s structure. Let’s discuss this matter a bit. 


What Expenses Are Legitimate? 

The reason for an expense account, of course, is to 
reimburse an employee for expenses he has incurred in 
the performance of the company’s business. This should 
include payment for activities that contribute to the 
company’s profit or prestige picture, and nothing else. 
A company cannot afford, however, to be too tight 
or its personnel] will refuse to travel. No employee should 
be forced to take a loss to benefit the company, nor do 
I believe that any company really expects them to—al- 
though I must say that most expense policies make this 
necessary. 

Companies practices range from no policy at all to 
very rigid and restrictive policies from which there is 
no departure. To avoid difficulties and to provide an in- 
centive for economical expenditures, some companies 
have adopted a straight per-diem allowance. 

From the company’s point of view, the problem is to 
determine what the legitimate expenses are. For example, 
should an employee be reimbursed for a noon lunch on 
a one-day trip? Many companies reason that the person 
would have to buy his lunch anyway. I have never felt 
that this argument was particularly defensible. In the 
first place, many employees either go home for lunch, 
bring their own, or eat in the company cafeteria. In 
these cases a lunch away from home base will cost more 


than they are used to paying. I realize that the policy 
of reimbursing for lunches might mean an outlay o 
thousands of dollars if it were extended to salesmen 
who plan their routes and who receive allowances ani 
bonuses. Nevertheless, in the case of engineers, who & 
not make a regular habit of lunching away from hom 
base, I believe some reimbursement might be offere 
when they are away in the daytime on company busines. 

Breakfast and dinner, of course, are universally cor 
sidered legitimate charges on a one-day trip. If a pe 
son has to get up and be on his way before breakfast, 
paying for the breakfast is some compensation for th 
early start. 


When Dinner’s on the Company 
How much is a reasonable charge for meals? Actual 
charges vary, of course, with the tastes of the individual 
who are traveling. Some people have expensive taste 
and they should not be expected to live less comfortably 
away from home. Others seize the opportunity to liv 
better. Still others, who are very frugal, will turn nw 
unreasonably low amount. This may be due to fear @ 
criticism as well as frugality. When it occurs, the malt 
ger, in my opinion, should investigate. It does not pay # 
have a company branded as cheap because one of its ke 
men will order only a lettuce sandwich when other com 
pany representatives at the same table are having steak 
Should a drink before dinner be included in the cos 
of a meal? Most companies recognize the facts of lift 
and include it. Should a cigar after dinner be included! 
Some say yes, others no. Being a cigar smoker and & 
joying one after a meal, I think it quite reasonable. 
The matter of a hotel is less controversial except p& 
haps the question of whether one needs to frequent the 
most expensive places. This depends on the compalj 
philosophy. Some companies insist that their represeit® 
tives stay at only the best hotels. Charges are verified 
of course, by the bill submitted with the expenses whieh 
proves that the person did actually incur the expense. 
(Continued on page §) 
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2 Nitroparaffins and their derivatives are economical, effec- | New groups of derivatives are being studied continually 
od tive, versatile chemicals for such uses as solvents... prime for new and profitable applications. Steadily increasing 
om ingredients . . . raw materials . . . sensitizers . . . emulsifiers quantities of these unusual chemicals are being shipped 
vy ts ».. analytical reagents . . . reducing agents . . . inhibitors from CSC’s plant in Sterlington, La. 
| key ‘ "pation. sete een Development team is ready to work with you 
nti-fo: ' 
con tee in applying these outstanding products to your processes 
eal. In a relatively short time, the members of the nitroparaf- _ and _ products. Samples and technical data sheets are avail- 
fin family found wide use in many important industries. able on request. 
: 
Jed? 
Lead DISCOVER TH PARAFFINS! 
a INDUSTRIAL CHEMICALS DEPARTMENT 
wif COMMERCIAL SOLVENTS CORPORATION 
nte- 260 MADISON AVE., NEW YORK 16, N. Y. 
fed, Boston + Chicago « Cincinnati + Cleveland + Detroit * Houston « Indianapolis * Kansas City + Los Angeles 
rich Louisville »* Memphis * Milwaukee *« New Orleans * New York « Pittsburgh + St. Louis « San Francisco 
In Canada: Reliance Chemicais, Ltd., Montreal in Mexico: Comsoimex, S. A., Mexico, 11, D. F. 
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BRISTOL CHARTS. Master craftsmen give meticulous ‘attention ‘to 
every detail in the production of these charts. Result: superlative 
accuracy, precision, uniformity. 


Charts on short order 


Another outstanding Bristol service 
to instrument men 


Every year, Bristol turns out hundreds of special strip and 
circular charts to instrument builder specifications. 

It’s a service we can offer to scientists, engineers and in- 
strument designers because our recently expanded facilities 
make us one of the largest chart printers in the country. 
Naturally, users of this service draw on the know-how we've 
picked up in 66 years of chart printing for our own precision 
Bristol instruments. 

Strip charts up to 2956 inches across, circular charts to 
12 inches diameter receive the most meticulous treatment 
by the most accurate engraving and printing methods known. 
In addition to regular chart papers of highest quality in vari- 
ous thicknesses, special papers available include: wax coated, 
heat-sensitive, chemically-coated, electrically-sensitive, or 
pressure-sensitive papers. Also available: papers for metallic 
marking, foil-type laminates for extreme dimensional sta- 
bility, card stock, and carbon coated (smoked) charts can be 
supplied. We print charts to any mathematical law—linear, 
square-root, etc.—or with special 
punchings or perforations. 

Take advantage of Bristol’s 
chart service when your recorder 
is in early design stages, and you'll 
dodge headaches later on. Write 
The Bristol Company, 169 Bris- 
tol Road, Waterbury 20, Conn. 

72 
HOW ARE BRISTOL 
CHARTS MADE? Ask 
for Bulletin Y1904 to | : 5 ee a 
find out. i 


3 1 TRAIL-BLAZERS IN 
PROCESS AUTOMATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Taxis are certainly legitimate as are telephone caf 
and telegrams. Here the traveler is supposed to exercigs 
reasonable economy by not making unnecessary trips} 
cab or unnecessary telephone calls. Transportation cosy 
also are hardly questionable, since they can always 
verified and pullman and airline receipts can always 
attached. 


Theater and Night Clubs 


Entertainment, however, is quite another matter. W 
is legitimate entertainment? Here, I think a very pert 
nent factor is the position of the individual in the ow 
ganization. To have rigid rules that apply regardless @ 
position is a legitimate gripe as far as I am concerned, 
It is hard to see where the company could profit bya 
large entertainment expense incurred by a junior & 
gineer on a trip, but it may be quite in order. Wha 
this occurs, I think a note of explanation should be a 
tached. A division or department head should certainly 
be permitted modest entertainment entries without 
specifying the exact details. If he is not to be trusted 
then he shouldn’t be in that position. Any question about 
the integrity of a man is always a delicate point. 


A Handy Guide 

Some people who travel for their companies count th 
money they have when they leave and subtract from it 
the money remaining when they return and charge the 
difference to the company. This is sound if there has 
been no great expense of a personal character. 

Someone has to ride herd on expenses and this usually 
falls to the lot of the business manager or controller. 
There are established norms to make his life easier and 
I feel that he is quite within his rights to challenge any 
excess beyond these norms. I think these norms shoul 
be known; and persons should be directed to stay within 
the limits set or else explain the departures. A person 
who can decide to take a trip without specific approval 
should be able to charge his expense without too much 
question. I am a believer in the formula that if a man 
ger is satisfied that an expense account of one of his 
men is reasonable, the business office should pay it 
without question. If the people in the business office feel 
that a question is in order, they should contact the per 
son who approved it—not refuse to pay the engineer. 
The best way to insure the workability of this system 
is for each division to have a travel budget. Then the 
manager has to take a personal interest in what goeé 
on and doesn’t shove it on to the business office. 


This Month’s Case Problem 

To question a man about his expenses is delicate. A 
question almost implies a reflection on his integrity. 
What would you do under the following circumstance! 
Let us hear from you. 

You, as Research Manager, send a junior engineer to 









































(Continued on page 2) 
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Quarter-inch steel plate is melted with 
an acetylene torch, but the supporting 
ALFRAX® BI brick stays cool enough to 
be held by hand. 


The problem of heat insulation at extreme temperatures is solved 
by two of Carborundum’s refractories: 

One is made of fused alumina “bubbles” or hollow spheres, 
bonded and high fired. These selected bubbles give proper bal- 
ance between the number of surface temperature drops and total 
pore space (about 65% porosity) to effectively decrease heat 
flow between hot and cold faces. The alumina imparts high hot 
strength to the finished refractory, trade-marked ALFRAX BI. 
Under a load of 122 psi and a temperature of 2732° F held for 
134 hrs., less than 1% contraction occurred. No contraction 
whatever developed in 5 hour reheat tests at 3092° F. This com- 
bination of properties makes ALFRAX BI refractories unique in 
their ability to insulate at temperatures where other materials 
are impractical. 

The other is FIBERFRAX™ ceramic fiber, produced by blowing 
an alumina-silica fusion. Among its properties are high insulat- 
ing values, light weight, resiliency, and corrosion resistance. All 


CARBORUN DUM 


Registered Trade Mark 
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Refractories...for really high temperature insulation 


are retained at 2300° F. In some cases, this fiber can be used suc- 
cessfully up to 3000° F. It is supplied in long and short staple, 
rope, board, paper, block, blanket, etc. 

These products are but two of the many super refractories 
pioneered by Carborundum. Among them you are almost certain 
to find answers to your refractory and high-temperature prob- 
lems. For help, fill in and mail this coupon today. 


-———-—————- MAIL THIS COUPON TODAY -———-—--—- 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept.' 547 


Please send me: 
[] Forthcoming issuc of Refractories Magazine 
[] Bulletin on Properties of Carborundum’s Super Refractories 


[] Here is a description of my high temperature problem. 
Can you help me? 


Nome... - Title... 
EE 
0 SE 


— Sr aS ee 























































































_— | ist 















































' 1 





Reliability measurement-—|: 


~~ | 



















































































Richard R. Landers 





How much of the elaborate paraphernalia of 
Reliability is superfluous? Are the formulae and 
measurements just gilt on common sense? Here is a 
discussion of where we might be going wrong. 














WHEN IT COMES TO MEASURING SOMETHING, engineers 
are inclined to jump in with both feet. The idea that a 
person is an expert in a subject if he can measure it has 
dominated the field of reliability and has led many peo- 
ple to develop systems of measurement before they fully 
understood what was being measured. If all the carloads 
of existing reliability data were analyzed, I doubt 
whether the statistics would produce more than a few 
valid conclusions that engineers couldn’t have arrived 
at through common sense. I don’t mean to imply that 
what has been done to date in reliability measurement 
isn't important. In the short time that reliability has 
been an organized effort the best work possible has been 
accomplished. We have reached the point, however, when 
a reappraisal of the situation is in order. It is time now 
to pause and reassess the nature of reliability— its tools 
and results. 


What is reliability? 


The generally accepted definition of r«tiability is: 
The probability of a device performing its purpose ade- 
quately for the period of time intended under the con- 
ditions encountered.* 

In the rapid technological advances of recent years it 
is no secret that the ability of equipments to go rea- 
sonable lengths of time without failing leaves much to 
be desired. Simply stated, all complex mach‘nes have a 
factor of unreliability. It is the function of reliability 
studies to anticipate the extent of unreliability and to 


FIRST ke = 
METHOD - 
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prevent failure. This has resulted in organizations of 
specialized reliability engineers, who devote their talents 
to determining the causes of unreliability and to con- 
trolling them. 


The need for reliability measurersent 


There are essentially two basic xeasons for measuring 
reliability. The first is to determine if the manufacturer 
is complying with the terms of the contract as required 
by the customer. This is done by monitoring the day by 
day progress. With a quantitative method of measure- 
ment, the manufacturer can plot growth curves and 
realistically determine the point of release for produc- 
tion. Without this method, the best he can do is make a 
series of compromises based on judgment and past ex- 
perience. This may result in too early release with con- 
sequent extensive field retrofits. Or it may mean a longer 
delay than an equivalent investment of time spent in re- 
development prior to release. On the other hand, if he 
delays production until the equipment is perfect, it may 
never be released. 

The second reason for having an accurate method to 
measure reliability is to spot trouble areas and determine 
the effectiveness of the fixes employed to overcome these 
troubles. Such preventive maintenance, to some extent, 
compensates for unreliable equipment. Engineers have 
noted that the reliability of complex electronic equip- 
ment is not constant for any extended time. Rather, it 
exhibits a cyclic nature, caused by the deterioration and 
instability of the circuits. Without a detailed knowledge 

(Continued on next page) 





*The Systems Reliability Analysis Task Group of RETMA 
A General Guide for Technical Reporting of Electronic Systems Reliability 
Measurement. 
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(Continued from previous page) 

of these fluctuations, maintenance men tend to either 
over- or under-maintain the equipment. Only by having 
an accurate picture of reliability performance can opti- 
mum maintenance be achieved. 


Performance vs. prediction 


Treating reliability as probability came about in an 
effort to separate performance and reliability. These are 
closely related factors, but they differ in a time sense. 
Performance, as historica] fact, can be quite accurately 
measured. Reliability, as an expected or desired capa- 
bility, must be predicted. 

Reliability prediction is to electronic equipment as 
forecasting is to business. Both can be considered as 
educated guessing. But we try to put as much science 
into the art of guessing as we can. A complication arises, 
however, in the fact that we can alter the results of re- 
liability prediction by changing the equipment. This point 
is dramatically brought home in the more advanced elec- 
tronic programs where Model 2 is completed before Model 
1 has been completely tested and the designer faces the 
dilemma of what to do about Model 8 currently being 
worked on. If ever a method were needed to predict re- 
liability, it certainly is in cases such as this. 

The scientific method of evaluation requires the con- 
trolling of variables so that only one is permitted to 
change at a time. This is an ideal of the experimental 
method. It cannot always be realized in actual practice, 
especially when dealing with complex systems. When the 
psychologist, sociologist, economist, the biologist, found 
directly controlled experimentation difficult, they turned 
to the field of statistics and probability. The reliability 
engineer, faced with a similar problem, has done much 
the same thing. The question he must answer is “Have 
we limited ourselves unnecessarily in obtaining a full 
understanding of reliability by defining it only as a 
probability and thus become powerless to measure it as 
anything else?” 


Present method of measuring reliability 


Generally the way we measure reliability is by measur- 
ing some function of the equipment’s failure rate or its 
reciprocal, mean life. Failure rate is the frequency of 
failure occurrence which is observed over a period of 
time. Mean life is the average time between outages of 
the equipment. 


Some Definitions 

Reliability is a term applied to the condition of an 
equipment which is functioning normally. The pre- 
cise meaning of the term depends on the context in 
which it is used. For common usage, reliability is 
that state in which there is an absence of observed 
trouble symptoms or malfunctions and in which all 
readily observable equipment functions are being 
satisfactorily performed. In this sense, reliability 
is considered to be a state in which there is an 
absence of trouble. 


In the technical sense reliability is an ideal state 
in which all parts of the equipment are performing 
with optimum efficiency at all times. Such a state 
of efficiency is unlikely ever to be observed, but can 
be used as a standard for diagnosis and correction 
of malfunctions. 


2. P,=e*/™ (The exponential failure law, derived from 


t 
Oe FP F F; F, )| 





There are at present three methods to measure x 
liability as previously defined. These are: ; 
1. P,=PixP.xP3x ... P, (ie. The success-proy 

bility of the overall system (P,) is the product of the 

individual probabilities.) 









the Poisson process.) 















(A simplification of the binomial] expansion in whid) 
the probability of success equals 1 minus the prop 
bility of failure) *. 










Where: P,= probability of going time t with no failun 
P,, = reliability of component n 
m= observed mean time between failures 
F/T = failures per time T (must be less thy 
unity ) 
First Method: 













P= PiX PaX Pax. 


Taken at face value this formula seems adequate # 
measure reliability. However, when we try to applyit 
in given applications we find we are forced to makes 
number of unjustified assumptions. The first assumptin 
is that the individual component reliabilities P,, Ps, P, 
... P, are unrelated to each other. In a complex systen 
this separation of cause and effect seldom exists. Wha 
a part fails it affects many of the other components 
sociated with it at the time of failure. Nor is component 

(Continued on page %) 












* Formula (3) proves useful in cases where there are a number of wit 
in a system which have different operating times. Also this formula @ | 
be used where the failure rates are attributed to design deficiencies, 
manufacturing errors, component failures, etc. 


If the probability of failure is the average failure rate we have; 
F 


P— 1— FR 


(FR — — — Failure Rate) 


1 
Substituting this in formula (1) we find, 
P overats = (1 — FRi) (1 —FRe) (1 — FRs)... (1 — FRa) 
Expanding this we find 
P overall —_i— (FR, + FR. te FR; -}- eee FR,,) FR, x FR, x FRy x Fle 
— (FR; x FRe x FRs -+- . . .) ++ FR, x FRo x FR . . . FRe 
In most of our work we have chosen to disregard the product terms 
leaving: P overeat: = 7 FR; “+ FRe -+- FRs + . + + FRa) 
Formula (2) would yield a value of 0.224. Specifically, the error betweer 
the two methods cannot be greater than: 
t FR; +- FR: 4+- FR: +... FR») * 


2! 
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Malfunction is a departure from the normal state 
of reliability. It is characterized by a degradation 
in performance, accompanied by marked undesirable 
symptoms. Malfunctions may be caused by deficien- 
cies in manufacture, operation, maintenance or by 
damage from external causes. 

Reliability Analysis deals with the detection and 
diagnosis of departures from optimum performance 
of an equipment and aims at a description, predic- 
tion and control of equipment performance. 

Reliability Engineering is that field of endeavor 
which seeks to understand the normal and abnormal 
operation of equipment in order to achieve the pre- 
vention and correction of malfunctions. Exact defini- 
tion of the difference between normal and abnormal 
performance is difficult because abnormalities are VALU 


simply variations in degree of norma! performance. 
a ’ — seem” 
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~~ ) IS YOUR’ JET ENGINE 


— 


erent ) RPM MEASUREMENT 
ACCURATE AND SAFE? | 


READS JET ENGINE SPEED to 
GUARANTEED ACCURACY of 


10 RPM in 10,000 RPM (0.1%) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The TAKCAL tests to guarantee that accuracy. 

The new B & H TAKCAL incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine’s RPM. It reads engine speed 
while the engine is running with a guaranteed accuracy of +0.1% in 
the range of 0 to 110% RPM. Additionally, the TaKCAL circuit can be 
used to trouble-shoot and isolate errors in the aircraft tachometer 
system, with the circuit and tachometer paralleled to obtain simultaneous 
reading. 

The TAKCAL’s component parts are identical with those used in the 
J-Model Jetcat Analyzer. They are here assembled as a separate unit 
tester and for use with all earlier models of the JETCAL Tester. 

The TAKCAL operates accurately in all ambient temperatures from Measures 200 to 7500 
—40°F. to 140°F. Low in cost for an instrument of such extreme ee 
accuracy, it is adaptable to application in many other fields. —_— 

For full information write or wire... 
B & H makes the JETCAL® Analyzer 
and TEMPCAL® Tester 


6B & H INSTRUMENT Co., INC. 


3479 West Vickery Blvd. *« Fort Worth 7, Texas _ >? a 


Sales-Engineering Offices: 
VALLEY STREAM, N. Y.: 108 So. Franklin, LO 1-9220 DAYTON, OHIO: 209 Commercial Bidg., MI 4563 © EL SEGUNDO, CAL.: 427 E. Grand Ave., EA 2-1644 
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Russia’s emerging superiority in engineer- 
ing manpower is the result of U.S. decline 
in engineer output since W.W.Il peak 
contrasted with Soviet’s steady increase. 
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LAWRENCE SANDEK 


AS THOUGH IT WERE A PLANE or mis- 
tile, Soviet education is the object of 
ontinuing conjecture in the U.S. How 
good is it? How does it compare with 
wr own? Is it better? Worse? 

There are plenty of opinions on 
bth sides of the question. Research- 
ts at M.I.T.’s Center for Interna- 
tional Studies conclude that scientific 
taining in the USSR is spotty— 
acellent in universities, below our 
wandards in engineering schools. 
That is substantially the opinion of 
Professor Roger Adams of Chicago 
University, who thinks that Russia 
may be producing more engineers, but 
that we are producing better ones. 
Agreeing that our engineers are bet- 
tr is Allen Waterman, Director of 
the National Science Foundation, who 
dds that we will even catch up in 
numbers. 

On the other side of the argument 
8 AEC Chairman Strauss who main- 
tins that our technological lead is 
largely illusory. J. F. Victory of the 
National Advisory Committee for 
Aeronautics, testified before a House 
subcommittee that Russia’s progress 
M training research scientists and 
M@gineers is such that within ten 
tars she will have the best scientists, 
®d more of them, than the U.S. 
Atomic physicist Edward Teller has 
“id much the same thing, and, in 
Mddition, that it is already too late 
W reverse the trend. 
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Whatever the truth of the matter, 
observers who think that our techno- 
logical lead is diminishing, attribute 


it to our educational set-up. They 
blame poor procurement practices, 
and underpayment of teachers. They 
point to wasted potentiality of stu- 
dents and potential students. They 
point to wasteful curricula and in- 
adequate pay and prestige for engi- 
neers—and less for pure scientists. 

These deficiencies have resulted in 
an undersupply of engineer-candi- 
dates, in overworked teachers in un- 
derstaffed schools, in lack of interest 
in science as a career. 

Russia has had similar problems. 
She jerked herself from a predomi- 
nantly agrarian economy to an in- 
dustrial one that rivals America. She 
accomplished that in 30 years. Among 
the problems she had to face were to 
find potential engineers, and then, 
having found them, to educate them. 

Some, but not all of the devices she 
used to solve her educational problems 
are available only to _ totalitarian 
states.* Yet, there might be lessons 


*At least two informed studies of Russian educa- 
tional practice recently have been published: Soviet 
Professional Manpower, by DeWitt, National 
Science Foundation: and Engineering Education in 
the Soviet Union, by a team of British engineers 
recently returned from a six-week tour of Soviet 
educational institutions. Their report will be pub- 
lished later this year in the Proceedings of the 
Institution of Electrical Engineers, Vol. 104, Part 
A, London. 


for the west in the way she organized 
her resources. 


Soviet Solutions 

Russia has met the problem of sup- 
plying the lack of engineer-candidates 
by blocking almost all channels of 
social advancement. The channel she 
left open was education: as an en- 
gineer or scientist increases his 
knowledge or skill, he becomes more 
valuable to society and so rises 
through the otherwise fixed social 
strata. 

Having in this way directed the 
mainstream of developing youth 
through the educational mill, she 
rigorously selects those from primary 
and secondary schools who are promis- 
ing scientist material. The rest she 
shunts off into a tightly organized 
system of technical and trade schools. 
Those who qualify for higher educa- 
tion are mercilessly crammed with 
specialized technological courses, and 
encouraged with stipends and bonuses 
for superior performance. Sample re- 
sult: the Kalinin Polytechnic Insti- 
tute alone produces 500 metallurgists 
a year. Estimated entire U.S. output 
for 1957—about 700. 

Having found—or directed—suffi- 
cient numbers of engineering stu- 
dents, Russia has met the problem of 
providing for their proper education 
by making teaching the best paid of 

(Continued on next page) 
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all the professions and the most re- 
spected. The professor is better paid 
and has more prestige than his oppo- 
site number in industry. If he is in- 
clined to some industrial work—con- 
sultancy or research—he may in that 
dual capacity earn an additional 50% 
of his base salary. 


Hierarchy of Studies 

Just as education in Russia is pre- 
ferred and encouraged among the pro- 
fessions, engineering is preferred and 
encouraged in the fields of education. 
Engineering training institutions are 
the best equipped and the best staffed. 
They have priorities on new build- 
ings, equipment, laboratory facilities, 
staffs, and so on. Within the engineer- 
ing hierarchy is yet another grada- 
tion of preference, at the top of 
which are those schools which train 
engineers for key industries—arma- 
ment production, metallurgy, atomic 
power, missiles. These are among the 
most difficult studies, but they are 
also among the most popular with 
students because stipends for them 
have been raised. 


Technicums 

The single-minded purposefulness 
of Soviet technical engineering edu- 
cation is also apparent in the way 
she has formalized educational op- 
portunities that are alternative to 
higher engineering education. Her 
technicums are semi-professional 


training schools that produce tech- 
nicians in narrowly defined fields. 





Technicums work this way: students 
between 14 and 18 years who have 
not completed their secondary educa- 
tion and who are therefore ineligible 
for higher education, are siphoned off 
into these secondary semi-professional 
schools. Entrance is by competitive 
examinations. Here students are 
(Continued on page 35) 





























Syllabus of Soviet Education Requirements 


Russian emphasis on the technical, to the exclusion of the humanities 
and social sciences, is evidenced in this syllabus outline upon which 
are based entrance examinations for higher education. The informa- 
tion is condensed from the Soviet Ministry of Higher Education Hand- 
book for 1956. 


I. RUSSIAN LANGUAGE AND 
LITERATURE 


Phonetics, morphology and 
orthography, and _ syntax. 
Folklore and literary works 
(a long list of standard 
works is given, Shakespeare 
and Goethe are among the 
few foreign authors). 


II. FOREIGN LANGUAGE 


Grammatical knowledge of 
English, French or German 
is required, knowledge of the 
literature is not. 


III. MATHEMATICS 


Arithmetic and Algebra 


1. Real and Complex Num- 
bers—Factorization. Rational 
Numbers. Recurring deci- 
mals. Geometrical progres- 
sion. Powers, metric system; 
units and proportions, Arith- 
metic and geometric means. 
Real number.? Complex num- 
bers; geometrical interpreta- 
tion and trigonometric form. 


2. Manipulation of Alge- 
braic Expressions. — Ability 
to deal with the forms 


(axtb)?; (atb)*; a?—b*; a? +b 


Factorization. Bezu’s_the- 
orem on divisibility of poly- 
nomial by (x —a). Algebraic 
functions. Radicals. Freeing 
a fraction from an irrational 
denominator. Powers with 
rational indices. 


3. Inequalities: Functions 
and their Graphs—Equiva- 
lence. Properties of identi- 
ties. Simultaneous linear 
equations with 2 or 3 un- 
knowns. Quadratic and bi- 
quadratic equations. Formu- 
lation of a mathematical 
problem from physical data. 
Inequalities. Solution of in- 
equalities of Ist and 2nd de- 
gree with 1 unknown. Func- 
tions. Variables. Graphical 
forms corresponding to 

y = kx; y= k/x; y = kx+b; 

y =ax®; y = ax? + bx =c 

4. Progressions.— Numeri- 
cal sequence. Examples. Gen- 
eral term. Arithmetical pro- 
gression. Calculation of any 
one of its terms, and sum to 
n terms. Same for geometri- 
cal progression. Limit of a 
series. A geometrical prog- 
ression summed to infinity. 
General sum for a geometri- 
cal progression. 





5. Logarithms. — Loga- 
rithms. General properties. 
Graphical representation. 
Logarithm of a_ product, 
quotient, power and _ root. 
Logarithmic representation 
of a function. Properties of 
common logarithms. Calcula- 
tions with tables. Solution of 
indicial equations. 


6. Theory of Permutations 
and Combinations. Binomial 
Theorem—the relation 


_n m—n 
Cm = Cm 


theory of permutations and 
combinations leading to bi- 
nomial theorem. 


GEOMETRY 


1. Plane Geometry — In- 
cludes the customary formal 
geometry of the straight 
line; triangle (right-angles 
and scalene); circle; regular 
polygons. Value of =. 


2. Solid Geometry — Con- 
cept of planes and their in- 
tersection. The sphere, tan- 
gent planes; surface area 
and volume; properties of 
the great circle. 


TRIGONOMETRY 


1. Definitions and _ Basic 
Properties of Trigonometri- 
cal Functions— Degree and 
radian measure of positive 
and negative angles. Defini- 
tions of trigonometrical func- 
tions. Numerical values of 
the circular functions to be 
known for: 

0; 2/6; 2/4; x/3; 

w/2; m3 (3/2) x3 2x 
Relationship between trig- 
onometrical functions of the 
same argument. Reduction of 
trigonometrical functions of 
a general angle to terms of 
an acute angle. Graphical 
representation of trigonome- 
trical functions. Inverse trig- 
onometrical functions. 

2. Transformation of Trig- 
onometrical Expressions and 
Solution of Trigonometrical 
Equations — Expansion for- 
mulae for 
sin(a+ 8); cos(a+8); tan 
(a + B) 

Trigonometrical functions of 
double and half angles. 
Transformations and reduc- 
tion formulae for form sin + 
sin; cos-+cos; tan- tan 
(Continued on page 34) 
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RIGHT ARM 


of industrial research 


SINGLE to 8-channel inkless and permanent 
recording in true rectangular coordinates 
of 0-100 cps phenomena — ranging from 
telemetered aircraft data to atomic reactor 
characteristics — is the vital and growing role 
of Sanborn oscillographic recording systems 
in industry. The Sanborn file of users indicates 
that such recordings are aiding in the dynamic 
analysis of jet engine starters, machine tools, 
agricultural machinery and oil drilling 
equipment; performance of pilotless target 
aircraft, modern submarines and tracking 
radar systems; and the production testing 
of servo components, valve positioners and 
precision potentiometers. Sanborn systems 
designed especially for recording analog 
computer output extend applications further — 
in simulated flight set-ups, solution of complex 
problems with six or eight variables, etc. 





8-,6- CHANNEL 4-CHANNEL 2-CHANNEL 


1-CHANNEL 












Sanborn's galvanometer 
writing arms record 
valuable data to heip 
solve the countiess 
measurement probiems of 
research, design, and 
production testing. 


The advantages of making Sanborn 
equipment the “right arm” of your recording 
problems include extreme /lexidility, by means 
of a dozen different interchangeable, plug-in 
“150 Series’”’ preamplifiers which quickly and 
economically adapt a basic system to changing 
requirements; choice of 1-, 2-, 4-, 6- or 
8-channel systems, in vertical mobile cabinets 
or ““portably packaged’’; numerous chart 
speeds, many individual channel controls, and 
high over-all system linearity. 

To see how oscillographic recording the 
Sanborn way can become the “Right Arm” 
of your analysis work, write for detailed 
information or contact your Sanborn 
Representative. Sixteen-page “150 System” 
catalog on request. 


SANBORN COMPANY 
Industrial Division, Waltham 54, Mass. 





2-, 4-, 6-, 8-CHANNEL 
ANALOG COMPUTER SYSTEMS 
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R/E interviews CHRISTENSEN of FEDERAL PACIFIC 


Keeping Abreast of Giant Competition 
The New Product Gamble 
Ways to Lessen the Risk 


QUESTION: What is the size of Fed- 
eral Pacific? 

ANSWER: We’re a small company by 
comparison with the giants like Gen- 
eral Electric and Westinghouse. Our 
gross volume is roughly 50 million a 
year at this point, and we employ 
about 3000 people. We are in the same 
class as the Square D Company, ITE- 
Bulldog. 


What are the particular problems 
that a medium-sized company meets 
in holding its own against competi- 
tion from these larger companies? 
Well, the basic problem is the fact 
that although we make a broad line 
of equipment, they make a much 
broader line. They have established 
channels of distribution, which makes 
it easier for the customer to buy from 
them. Also the larger company has 
brand name recognition. More people 
know his name than ever know our 
name. That is obviously a disadvan- 
tage. So, to stay in business, you have 
to offer something that the large 
manufacturer can’t deliver. 


What sort of thing can the small 
company offer? 

In some cases he can come across with 
‘better service. Occasionally, but quite 
rarely, he can deliver at a lower price. 
However, the major area in which he 
can compete is by concentrating on a 
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limited range of products, and then 
offering a better product. 


That puts the burden squarely on 
research and engineering doesn’t it? 
How, in your case, would this have 
worked out? Can you give me an 
example? 

The best example, in our company, 
was the introduction of a household 
circuit breaker at fuse-box prices. 
Traditionally, fusible equipment was 
standard as circuit protection. But 
fuses got this protection by destroy- 
ing themselves. You had to replace 
them each time and keep a stock of 
spare fuses on hand. Non-destructive 
circuit breakers were on the market, 
but these were priced so high that 
most people preferred to buy a fuse 
and switch, and live with the incon- 
venience. The challenge, then, was to 
bring the circuit breaker down to the 
cost of the fuse and switch combina- 
tion. 


How were you abie to do that? 

Well, a number of factors were in- 
volved. First off, we had a funda- 
mental design, developed some years 
ago, which lent itself to mass produc- 
tion, that is, to machine assembly. 
Federal Pacific had reached a point 
where it had begun to bump the ceil- 
ing of its potential on the existing 
line of largely fusible equipment—a 
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Paul M. Christensen, Director, Research 
and Engineering, Low Voltage Products, 
Federal Pacific Electric Co. 


few breakers here and there, but basi- 
cally a fusible line, and that was that. 
So the question came to us—how ar 
we going to grow? We can’t do it 
with the existing line. Yet we didn't 
want to leave present markets. We're 
not particularly interested in estab 
lishing new product lines with new 
distribution problems. When you e&- 
amine the field, the obvious direction 
was to transfer the emphasis from 
low cost equipment to quality equip 
ment which has a very high price. If, 
by some chance, you could make 3 
circuit breaker that would sell at com- 
petitive prices with the fuse, you 
could compete on highly favorable 
terms not only with the larger com 
plete-line companies but with the 
multitude of small part-line companies 
making fusible equipmeni. In other 
words, you would expand within your 
same channels of distribution and 
compete favorably with the large 
manufacturer in a few basic lines. 


What role did research and develop 
ment play in this? 
One phase was developing the desiga 
for the new product. But just as im 
portant was seeing that production 
would be able to make the device that 
we developed. Research and develop 
ment does not concern itself solely 
(Continued on page 18) 
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Power Transient Analyzer 


i, compact, portable power transient 
walyzer simultaneously measures, dis- 
ays and records generator output volt- 
we, frequency, wave-form and power. 
The TA-120, provides directly, informa- 
ton that previously required several 
feces Of cumbersome equipment and a 
multi-step technique. Voltage and fre- 
wency error is less than 0.1% and less 
than 1% for a constant phase to neutral 
witage KVA output, Voltage, frequency, 
ind KVA are simultaneously measured 
under both steady state and transient 
wnditions. Their ranges can easily be 
elected with calibrated, front-panel 
lals, Alexandria Div., Defense Products 
Group, American Machine & Foundry 
(o,, 125 N. Royal St., Alexandria, Va. 
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Supersensitive Indicator 


4s little as two parts per million of 
‘xygen in hydrogen or inert gases, de- 
yite the presence of up to 3% carbon 
nonoxide, can be measured by this in- 
licator. In the device, gas being tested 
asses continuously over a_ catalyst 
which causes any oxygen present to 
combine with hydrogen. The increase in 
emperature caused by this reaction is 
measured by an extremely sensitive 
hermopile. The thermopile’s output 
is indicated and recorded by a 
jtentiometer or can be fed into an 
tutomatic controller if desired. The gas 
Smeasured continuously by a rotameter 
id passed through a coil in a liquid 
uth to stabilize its temperature. If it 
wes not contain enough hydrogen for 
*st purposes, a small amount is gener- 
tied by an electrolytic cell built into 
# indicator and automatically mixed in. 





taker & Co., Grant Ave., E. Newark, N.J. 
CRCLE 21 ON PAGE 48 FOR MORE INFORMATION 
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YARDSTICKS 


Fiber Glass Housings 


A new line of low-cost, small sized in- 
struments for indicating, transmitting 
and controlling pressure and tempera- 
ture will be housed in cases made of 
plastic-impregnated fiber glass, making 
them suitable for use outdoors or in 
corrosive atmospheres. Temperature 
range of the 1450 series is from —400°F 
to +1000°F. Pressure range is from 30” 
Hg vacuum to 5000 psi. As pneumatic 
receivers, the instruments can accommo- 
date 3 to 15, 3 to 18, or 3 to 27 psi 
signals. Four controller options are of- 
fered: universal controller with on-off, 
proportional, differential gap and manual 
reset; wide band proportional ; wide band 
proportional plus automatic reset; wide 
band proportional plus automatic reset 
plus derivative. Fisher & Porter Co., 
951 Jacksonville Rd., Hatboro, Pa. 

CIRCLE 22 ON PAGE 48 FOR MORE INFORMATION 


Time Integral Measurements 
An all-electronic integrating system has 
been produced which will measure the 
area beneath analog curves, to obtain 
the time integral of rapidly varying, 
short or long term analog signals. It is 
supplied as a portable or rack mounted 
instrument, giving accurate digital dis- 
play of both the integral and the action 
time of the phenomenon being measured. 
Output connectors are provided so that 
the information can be automatically 
typewritten or fed onto tape. Its rate of 
10,000 counts per second permits meas- 
urements of values over time intervals 
as short as 10 milliseconds. Allegany In- 
strument Co., 1091 Wills Mountain, 
Cumberland, Md. 

CIRCLE 23 ON PAGE 48 FOR MORE INFORMATION 


Wieasures Change Rate 

Rate of pressure changes can now be 
measured directly with a new transducer 
system. Utilizing the electrostatic princi- 
ple, the device permits precision rate 
or dynamic pressure measurements un- 
der the most severe conditions. Through 
the use of an adaptor and resistor ele- 
ment, the electrical current generated 
in the quartz crystal transducer is 
measured by an electrostatic type ampli- 
fier and displayed on a standard oscillo- 
scope or recorder. It is especially useful 
for indicating combustion and detona- 
tion phenomena in evaluating engines 
and fuels. Kistler Instrument Corp., 15 
Webster St., North Tonawanda, N.Y. 
CIRCLE 24 ON PAGE 48 FOR MORE INFORMATION 


Liquid Metal Measure 

A liquid metal level indicator has been 
developed which is sensitive to 1 mm 
changes in height. Measurements are 
made through the wall, obviating the 
necessity for an internal probe. The indi- 
cator is based on a balanced inductance 
bridge circuit and can be adapted to 
different container wall thicknesses by 
varying the oscillating signal frequency. 
Nuclear Development Corp. of America, 
5 New St., White Plains, N.Y. 
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Tension Tester 

A hand held meter which accurately 
measures tape tensions for use with 
magnetic tape recorders can also be used 
to test narrow fabrics, ribbons, carton 
tape and film. The tension meter has a 
range of 0-1000 grams with great reso- 
lution in the range of 0-200 grams. 
Measurements are made by pressing a 
trigger, inserting the tape, and then 
reading the tension upon release of the 
trigger. The face of the meter is easily 
read while the tape is running, stopping 
or accelerating. Tensitron, Inc., Harvard, 
Mass. 

CIRCLE 26 ON PAGE 48 FOR MORE INFORMATION 
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Wat) Centrifugal 
peat) Blowers 





quickly dissipate heat from 
tubes, circuit components, 
other enclosed equipment 





as “ < \ ‘ : 
am. 


powered with Barber-Colman 
permanent magnet d-c motors 


Having heat problems with electron 
tubes and other circuitry equipment 
mounted in confined enclosures? In- 
stall Barber-Colman permanent mag- 
net centrifugal blowers for quick, de- 
pendable heat dissipation. Air volume 
for a typical unit is 20 cfm at 0 static 
pressure and 70°F. Voltages range 
from 6 to 115 volts d-c. Units avail- 
able for either clockwise or counter- 
clockwise rotation . . . several sizes, 
various mountings. Send for free 
technical bulletin. 


The complete 






line of 
Barber-Colman 
d-c motors 


. includes both permanent magnet 
and split series types . . . in various 
mountings and speeds with outputs 
up to 1/10 hp. Ideally suited to power 
electro-mechanical actuators, switches, 
and programming devices. Also avail- 
able with gearheads or blowers for 
special applications. Whatever your 
problem involving small d-c motors, 
let Barber-Colman Company engineers 
help you find the solution. Write for 


free Catalog F-4344-3. 


BARBER-COLMAN COMPANY 
Dept. P, 1874 Rock Street, Rockford, Illinois 
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with the product design itself. It has 
to concern itself with the method of 
making the device and also with 
patentability and marketing. It’s all 
part of research and development. So, 
the fact that this particular design 
lent itself very easily to automatic 
assembly tied in with research and 
development. Both the design of the 
product and the design of the ma- 
chines to produce it at competitive 
cost went along on parallel paths. We 


| didn’t carry the product design up to 


a point, and then say to the machine 
designers, “Now you make this.” 
There were two parallel paths. The 
design had to be capable of being 
assembled on certain machines be- 
cause by the very definition of our 
objectives, the end product had to be 
at a cost level almost half of the ex- 
isting cost of a circuit breaker. 


How did you determine its cost that 
far in advance? 


First off, you have a certain price 
you’re aiming for—a better product 
than competition has, but at the same 
or lower price. In our case, the circuit 
breaker had to be better than equiva- 
lent fusible equipment—but sell for 
the same price. Then you figure the 
sales of circuit breakers and the total 
sales in the country of fusible equip- 
ment of that class. Now you are 
obliged to grab off a certain percent- 
age of the circuit breaker business. 
This is essential, but not guaranteed. 
So there’s a tremendous gamble in 
your re-tooling even before you have 


_ your design completed. It will cut into 


your own business, too, of course. Our 
fusible business would go down in 
ratio as our circuit breaker is going 


| up. 





So there was very clearly an over- 
all policy objective set out at the 
beginning of this process? 


Very definitely. Each gamble hangs 
on another gamble. You have to sell 
so many millions. In order to sell that 
many millions the product has to be 
at a certain price. It can’t be pro- 
duced at that price unless every step 
of the design comes out right. So, 
before you even start, you have to 
set those objectives. 

is there any information that will 


lessen the risk of the unknown in 
this planning? 


Well, you can get figures from your 
own sales of equivalent apparatus. 


You also have available the figur 
from your trade association on th 
total volume sales of similar apparaty 
in the country. So from that the 
you know what your position is in th 
field. As for predicting your cost, ym 
can anticipate the rate of speed thy 
your new machines will operate. Yo 
determine this by asking people wh 
know about machines. Then you figuy 
your labor cost for assembly. Yu 
could figure out how many of thes 
assemblies could come off a machi 
per hour and that establishes yor 
labor rate; and then combine yow 
overhead and so forth. Material costs 
of course, are easy. We know rek 
tively early in the development of this 
line that the goal was within reach. 
It was possible. 


And what was the reaction when th 
product hit the market? 


Very encouraging. When we decide 
to introduce the product, the m 
chinery and the design were highly 
secret. Certain patent steps had @ 
ready been taken. We entered th 
market on an area by area basis 
ginning in Texas, where there was: 
large amount in 1949 and 50 of ree 
tively low cost residential housing. 
The industry was a little incredulou 
about the whole thing. Their firs 
concern was that the product was it 
ferior but we quickly established thi 
it was not. Their second guess wi 
that we were selling below cost i 
order to get established. Over : 
period of time they learned ¥ 
weren't. In the meantime, we key 
things highly secret. Competitors wer 
not permitted in the plant during thi 
period. Eventually, of course, the 
learned it was a good product an 
that the cost was right for the Wy 
we were making it, and they entere 
the business. But, in the meantime 
we got the highly desired two-year & 
so edge over our larger competition. 


Are they now entering the field wit 
a product similar to yours? 


They are now competitive with 
have been for two years. 

Which, of course, brings you back & 
the problem of pulling another co# 
of this sort. How do you plan to co” 


tinue to maintain your lead either 
this particular product or another’ 


Well, of course, this is what happem. 
You can’t hold an exclusive on a go 
product—a hard fact for the smal 
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business, but it’s what makes prog- 
ress. In addition to continuing de- 
velopment on existing products, to 
keep alive, you have to keep jumping 
git ahead on one product after an- 
sher. The others will catch up; and 
this means, you must start the cycle 
all over again. 


What does the cycle involve? 

First, it involves finding a new area 
in which the industry is relatively 
weak. A product may wear out too 
soon; it may be difficult for the cus- 
tomer to handle; it may be too com- 
plicated; it may be priced higher than 
necessary. But essentially, we try to 
make a silk purse out of a sow’s ear. 
We look for products that are weak 
and can stand improvement. If you 
jo that, you usually find that it’s 
asier to start by identifying weak 
weas than to come up with improve- 
ments out of the air. 


tow do you identify the weak 
areas? 


We get a lot of help from our sales 
force as it reports the complaints 
from customers and distributors. This 
s our main source. The customer, of 
ourse, is the final judge of whether a 
manufacturer stays in business. The 
vay a small company stays in the 
rinsing is by offering the consumer 
wmething he can’t get from any other 
company. END 





Holder of over 100 American and 
foreign patents, Mr. Christensen is 
director of applied research and en- 
gineering development for all low- 
wltage products of Federal Pacific 
Electric Co. He is a member of the 
Erecutive Committee, AIEE, and has 
heen chairman of various committees 
NEMA and for the War Production 
md Engineering Conference. Mr. 
Christensen took his BS in Electrical 
Eugineering at Trinity College and 
las done graduate work at both Yale 
and Rutgers. During World War II 
served on the Advisory Technical 
Committee, a group advising on the 
iting up of R/D departments. He 
is assisted in the preparation of 


nny Industry and Technical Society 
tandards 
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The Heraeus Vacuum Arc Melting 
Furnace Mode! VA-L200C, small- 
est of a line of Heraeus Furnaces 
sold by CEC. 








This Roots pump maintains low, 
vapor-free pressures. A motor 
operating within the vacuum drives 
its rotary frictionless pistons. 
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Cr, Hf, lr, Mo, Nb, Os, Pd, 
| Pt, Re, Ta, Ti, V, W, Zr 


Get pure vacuum melts of these metals 
in minutes! 


With this new Heraeus Arc Melting Vac- 
uum Furnace, the VA-L200C, you can get 
vacuum melts in “‘buttons’’ or ingots. 

You can get them of Titanium, Zir- 
conium, Tungsten, and other metals or 
alloys with high melting temperatures. 
You can get them fast and pure. 


Super-fast mechanical pump—A Roots 
mechanical vacuum pump pulls pressures 
in the furnace down to 5 x 10¢mm Hg— 
fast. 

Its throughput of 10,400 micron CFM 
at 10 microns easily handles sudden gas 
bursts encountered with certain metals. 


No oil contamination— The Roots pump’s 
frictionless rotary pistons require no oil 
sealing. There can be no contamination 
from backstreaming vapors in the system. 


No crucible contamination— Thc Heracus 
furnace has a water-cooled, copper cruci- 
ble which cannot contaminate the melt. 


Fixed or consumable electrodes — You 
may use cither fixed electrodes of tungsten 
or metallic carbides, or consumable elec- 
trodes of the metal you are melting. 


This Heraeus furnace has many other 
features valuable in laboratory or small- 
scale production, including exceptional 
economy —operating either under vacuum 
or with an inert gas atmosphere. 

Heraeus of Hanau, Germany, has li- 
censed CEC as exclusive agent for Heraeus 
Arc Furnaces (and Roots Pumps) in 
this country. Complete details in our 
Bulletins P8-20 and P4-28. 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


formerly Consolidated Vacuum 


NATIONWIDE COMPANY-OWNED SALES AND SERVICE OFFICES 
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RESEARCH AND DEVELOPMENT DEALS 
with unrealized ideas. Thus, much of 
R/D’s effort goes into making others 
understand what the product engineer 
visualizes. Reports, charts, diagrams, 
brochures, technical proposals, in- 
struction manuals and patent agree- 
ments are all means by which he gets 
his ideas across to others. Whether 
these documents will be neat and ac- 
curate depends largely on the repro- 














duction they receive. Assuring an ex- 
cellent printing job at the lowest cost 
isn’t difficult. It basically involves fol- 
lowing a few important rules which 
your printer will enthusiastically en- 
dorse. 

1. Compile a style sheet for your 
own company so that anyone in your 
organization who prepares copy for 
printing will do it in a uniform man- 
ner. 
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CHECK before printing: 


QUANTITY AND SIZES: How many copies? How many pages? 
What page size? 


PAPER: What kind? What color? What finish? Does the job 
warrant the expense of a glossy clay-coated finish? How heavily 
will the report be handled? How long do you want it to last? 
Are there any special requirements? (For example, it is desirable 
to print patent agreements on paper containing 50% rag or 
better. Rag paper does not tear easily, nor does it discolor as 
it ages.) 


COLOR: When should color be used? Answer: When you want a 
change of pace . . . when you need different colors as a code 
to indicate a certain status for the job . . . when your forms must 
be used by more than one department . . . For example, the 
Standards Department of American Machine & Foundry Company 
prints tentative standards on salmon color paper; adopted stand- 
ards on buff. 


ILLUSTRATIONS: How many illustrations will be used? Will they 
be line drawing or schematic? How much will they be reduced 
in size? How about captions? Are drawings sharp and clean or 
do they require doctoring in order to reproduce well? Does each 
illustration require separate reduction or can two or more be 
positioned so they can be reduced at one time? This is a factor 
in buying engravings and in offset printing as well. 

















SSHSSSSSSSSSSHSSSSSSSSSSSS 


by CRETE DAHL 


2. Have the complete job OKd 
before calling the printer. This in- 
cludes the required approval by the 
company officers and others who 
must verify statistics, copy, or model 
details. It also means having photo- 
graphs and captions ready. Accom- 
pany the illustrations with a layout 
sheet to show where captions, mar- 
gins, logotypes (firm name), or 
trademarks are to be placed. 

3. Send only typed copy. It always 
costs more if the printer is required 
to do typesetting from handwritten 
copy because the job takes longer. 
Remember that it is harder for 4 
stranger to read your handwriting 
than it is for someone who is fe 
miliar with it. Typed copy means 
fewer errors because your own errors 
will stand out more strikingly 
typed copy than when buried in 3 
maze of hastily-written penciled 
notes. Also, your printer can gage 
the amount of copy better when it is 
typed, in case you want an estimate 
before ordering. The most legible 
typing is double-spaced and on one 
side of the sheet only. 

4. Have copy proofread by some 
one who knows the subject and prod 
uct. If copy is important enough for 
an engineer to write it, it is impor 
tant enough for him to proofread 
before it goes to the printer. You 
can’t expect stenographers to know 
what the engineer has in mind, esp 
cially when the differences (as be 
tween microhenrys and millihenrys) 
are meaningless to the average 
civilian. If you send an unproofet 
copy to the printer, and the enginee! 
catches errors in the final proof, ! 
will cost you money. You can als 
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reduce the cost of author’s altera- 
tions by checking such things as the 


model number, statistics and so forth. 


Verify the accuracy of references 
between text and illustrative cap- 
tions, and key the photographs or 
drawings with index and list of con- 
tents. Any changes that have to be 
made after the typesetting is done 
will cost you extra. 

5. Attach a_ specification § sheet. 
This should include specifications as 
to work required, such as quantity, 
kind and weight of paper, typeset- 
ting, headlines, captions, ink colors, 
and finishing operations. 

6. Estimate quantity carefully. If 
you anticipate how you'll be using a 
printed piece, you can calculate with 
reasonable accuracy how many 
copies will be needed. It costs more 
to print two or more small orders 
than one of double size. 

7. Calculate the printed area care- 
fully. Sometimes the use of a slightly 
smaller type will enable you to re- 
duce the number of pages needed for 
a given job. For example, American 
Machine & Foundry Company Stand- 
ards Department in Greenwich, Conn. 
worked out a way of saving 20% of 
the cost of printing instruction 
manuals. Copy was typewritten with 
an electric typewriter onto oversize 
sheets, preprinted with the firm’s 
mame and spaced for identifying 
data. The entire sheet was reduced 
photographically to bring it down to 
846” by 11”. The resulting type was 
just about the same as that used by 
hewspapers. 
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8. Use a semi-opaque non-oily pa- 
per for drawings rather than a very 
transparent tracing paper. Pencil 
lines will show up better. Clearprint 
Tech Paper, No. 1000 PH is good. 
A T-square with beveled under-edge 
permits ruling without smudging. 
Don’t draw one diagram over an- 
other. This causes ghost images. 
When using a tracing-paper pad, 
protect the underneath sheets by in- 
serting a firm backing under the top 
sheet. A sheet of lucite or firm plastic 
will afford protection to the under- 
sheet and a good drawing surface 
for tracing on the new sheet. 

9. Guard against losing important 
detail by requiring too great a reduc- 
tion. Plan to center the drawing and 
caption. 

If the caption and code date are 
placed in a far corner of the paper, 
the printer will either have to reset 
the caption for you or reduce the 
entire area enough to take in both. 

10. Insure the return of your art- 
work by identifying it on the back 
before sending it to the printer or 
engraver. 

11. When there is much descrip- 
tion, save drafting time and assure 
better reproduction by using either 


IBM or varitype for the big blocks of 
copy. These can be typed on a sepa- 
rate sheet of paper, cut out and 
stripped in with rubber cement, sav- 
ing many dollars of draftsmen’s time. 

12. Allow for wider margins along 
the binding edge when planning 
schematics which are to be bound in 
a book. Using hand lettering, you’ll 
get a sharper print job if guide-lines 
are drawn with non-reproducible 
blue pencil. 

A final suggestion was learned the 
hard way. Avoid making a big pro- 
duction out of a little job. If every- 
body has to take a look at a piece 
being printed, let them kick it around 
before you send it to the printer, not 
after. A good guide to go by in mak- 
ing your own decision is this: All 
prices are based on receiving “copy 
ready for camera”. Everything else 
that must be done costs extra. 


Mrs. Crete Dahl, President of the 
Dahl Publishing Company, Stamford, 
Conn., heads her own printing firm 
which specializes in printing by 
photo-offset lithography. She works 
closely with several research firms 
and electronics manufacturers. 








For ash determinations, fusions, heat 
treating and experimental test work, 
this furnace is a complete self con- 
tained unit shipped ready for use. 


and No Rheostats 
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¥%& Less Heat Loss — Improved Insulation 


¥%& Better Control Through a 36-Step Tap Changing 
Transformer in the Pyramidal Base 


¥%& Pyrometer and Transformer Control Assembly 
in Easily Removed Base Drawer 


¥% Reversible “Multiple Unit” Heating Elements 


LABORATORY FURNACES MULTIPLE UNIT ecectaic exciusivery 


MILWAUKEE 1, WISCONSIN 
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see your Laboratory Supply Dealer. or write for Bulletin LAB-849. 


DUTY ELECTRIC COMPANY 
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TECHNICAL MANAGEMENT (Cont. from p. 6) 


New York to investigate the equipment of six or seven 
companies. He stays there four days and turns in an 
expense account with the following items: 


Dinner $7.00 every day 
Taxis 4.00/day average 
Entertainment 6.00 one evening (no explanation) 


Would you call him in for an explanation or would 
you let it go? What would your approach be? What 
would you consider legitimate entertainment to support 
this charge? What would your company policy dictate? 
Let us assume that all other expenses appear reasonable 
to you. If we can get some discussion on this we should 
have some interesting points of view. I think it is timely 
to discuss these matters. Whenever an economy move 
gets started, the expense accounts come in for first-order 
scrutiny. I’d like to have some business manager or con- 
troller give us the legal aspects of expense accountability 
which might make bothersome explanations a necessity. 


The Librarians Answer 

The question which I posed in my January column, 
on the difficulties that arose between the engineer and 
the librarian, was provocative of considerable comment. 
It was most gratifying to hear from representatives of 
both sides. They all agreed that the situation should 
never have arisen and no one was willing to place the 
entire responsibility for trouble solely with either indi- 
vidual. The following comments were received from li- 
brarians: 

Eleanor B. Gibson, Librarian, Carrier Corporation, 
writes as follows: “There are two important facts about 
the month’s problem. 

1. An engineer had further use for borrowed material. 

2. The librarian did not fulfill her obligation to this 

engineer. 

This kind of problem does not occur when engineers 
know that you as a librarian are trying to do everything 
you can to obtain information they need. Had the li- 
brarian’s past dealings sold this engineer on this belief? 
I suspect not. Interlibrary loans are personal affairs. 
They also involve the ‘good will’ of an outside agency. 
Did she telephone Engineer Jones and explain this in a 
way that would make him sympathetic to the problem? 
I suspect not. Did she try to renew the loan? (This is 
usually possible.) Presumably the article was too long 
for photocopying. When she took tle book in his absence 
did she leave a note reassuring him that she would bor- 
row it again, from another source if necessary? When 
this librarian brought her tale of woe to the manager, 
was she saying, in effect, ‘I am not equipped to handle 
my problems, and I haven’t yet really learned that the 
number one rule of all dealings in all jobs is the Golden 
Rule?’ I suspect so. 

“To deal with the situation you take a close look at 
this librarian’s assets and liabilities. Can she be sal- 
vaged? Is her weak point only that she is new and in- 
experienced? I suggest that she be asked to attend classes 


with supervisors who are learning your Corporation's 
personnel policies, or look for a librarian who can handle 
these little problems with tact and understanding. 

“This incident might be avoided by careful selection 
of personnel. A librarian of average intelligence knows 
or learns that one gets nowhere by methods you have 
depicted: ‘strife,’ ‘bickering,’ ‘disputes,’ and ‘wrangling.’ 
If this type of problem is brought to management it indi- 
cates poor job performance. If an engineer’s personality 
is basically overbearing, this will show up outside the 
library among his colleagues and superiors, and prob- 
ably he will not remain long in the organization.” 

Lillian M. Cole, Librarian, Logistics Research, Inc, 
has this to say: “I believe the incident could have been 
avoided in one of two ways: (1) it would have been easy 
for the librarian to call Engineer Jones concerning the 
overdue book, or (2) if she thought it necessary to pick 
the book up herself, she could have left a note for him, 
explaining her actions. 

“A few points which your librarian should remember: 
engineers usually don’t have the time to read as much 
as they would like to; most libraries will gladly renew 
circulating material by phone, unless called for by an- 
other party; engineers, executives, librarians, typists, 
clerks—no one likes to have objects disappear from his 
desk—ugh! I can’t think of anything more irritating 
and frustrating, except perhaps the old Chinese torture 
of a drop of water falling on your head every hour.” 

Mary Ellen Padin, Technical Librarian, Dunlap and 
Associates, Inc., makes a very important point every 
management should consider thoroughly: “I suspect that 
the instance that you cite might well have been avoided 
by a little dollars and cents thinking. In the case of a 
magazine article, photocopies are available from large 
libraries such as the New York Public Library for a 
dollar or two. If the librarian had considered the time 
spent in borrowing and returning at her dollar per hour 
rate of pay, added to the postage or messenger rates, 
and the wear and tear of the ensuing hassle in which 
she encountered some ‘Rudeness,’ she would have saved 
the company money even if the copy cost several times 
several dollars. We keep a deposit account with the New 
York Public Library and simply write off their cost as 
a saving in time and general confusion. Perhaps manage 
ment has been at fault in this case to some extent by 
pulling the strings on the library spending fund and not 
educating the librarian to consider her time as being 
just as expensive to the company as the dollars that are 
spent on printed paper.” 


Replies from Engineers 

Whereas the librarians with a few exceptions gave 
sound advice on how to avoid the problem, the engineers 
answered the questions about how to deal with the situa 
tion presented in the case. 

One suggested that the manager needed to get more 
facts by asking questions of the librarian and the em 
gineer separately. All recommended bringing them te 
gether for a conference to explain the problem and de 
velop a method of preventing future hassles. This has 
been advised by W. B. Wade, Plant Manager, General 
Mills, Inc.; W. H. Burnett, Hogan Laboratories, Inc.; 
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nd John D. Barney, Design Engineer of Aerojet, Gen- 
eral Corporation. 

Now for some interesting observations, as gleaned 
fom the letters: One suggested that the engineer’s su- 
ervisor should be brought in by sending copies of the 
gcond and third library notices to him (Robert G. Hall, 
Engineer, Cascade Research Corporation). Many stressed 
tht the book should not have been removed from the 
isk; this being only common courtesy. “The engineer 
failed in communication in not making his need clear.” 
Perhaps “the engineer lacked an understanding of the 
ibrary’s rules and requirements.” (From engineers). 

“Apparently the librarian you picture is not very un- 
lerstanding herself and certainly is much too sensitive. 
Aminor problem such as this should never have gotten 
to the management level. However, since it has, the li- 
warian should be told to exert more effort in making 
technical personnel aware of library policies and pro- 
edures.”’ “Above all, the Librarian should operate on an 
qual technical level with the engineers and thereby not 
fll in the position of ‘custodian’ to a collection, but 
nther an ‘interpreter’ of the collection. Management’s 
ittitude can contribute to this objective, but it is essen- 
tially the Librarian’s attitude that determines the 
winions of and relationships with the engineers.” “Too 
ften, management, with its many problems, fails to 
reognize the benefits and responsibilities of a good 
library. In like manner, too many Librarians forget 
that their function is to be of service and not to have 
shelves with every book in place.” “My own solution was 
i square dance—we are ‘buddies’ now.” (From li- 
brarians). 


Technical Librarians Needed 

As an “educator” now (nine months since I entered 
University life) I hope I may be pardoned if I conclude 
vith the following quotation from Mary Ellen Padin 
i Dunlap and Associates, Inc. “It would be well for 
management to consider diverting some of the vast sums 
ing spent on engineering recruitment to publicizing 
the need for technical librarians. My own experience has 
ven that it has never occurred to science educators that 
libraries offer excellent career opportunities. I’ll go even 
further and say that it was probably a shock to some 
ii my professors that a “librarian” could pass their 
course... to say nothing of meeting the catalog prere- 
wisites! In these days of the mass recruitment drives 
that descend regularly upon our schools it would seem 
that management could do much to improve communica- 
tion between the library and the engineering department 
y making known their need of engineering talent for 
their libraries. It is not enough to visit the library schools 
for there are already ten jobs waiting for every library 
xhool student with any science background.” END 


eee 





formerly Research Director for Burroughs Corp., Dr. 
Viliamson is now Dean of the School of Engineering 
md Architecture of Pennsylvania State University. He 
so acts as a consultant on problems in technical admin- 
stration to industry. 
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measurement and generation 


The environmental testing of electronic and mechanical components 
subject to high sound pressure levels has become a major factor in 
many development and manufacturing programs. Altec Lansing 
Corporation, Department of Advanced Engineering, is engaged in a 
comprehensive program to provide the equipment and instrumenta- 
tion necessary for both the measurement and analysis of high inten- 
sity sound and the generation of such sounds for environmental 


testing and experimeniation. 
Typical of the products resulting 


from this program is this Environ- 
mental Sound Chamber. Powered 
by four Altec 20801 driver units, 
the chamber develops a sound 
pressure level of 150 decibels 
throughout the range from 600 to 
3000 cycles per second. Substitu- 
tion of other driving units provides 
an equal pressure from the 30 to 
600 cycle range. Sound pressure 
continuity is within 3 decibels 
throughout the chamber; power is 
provided by 260 watt Altec ampli- 
- . fiers using either single frequency 
-_- or octave band sources; exact 
sound Jevels and characteristics 
are measured within the chamber 
by an Altec 21BR series micro- 
phone. 


This chamber is one of the hundreds designed and built by Altec to 
meet specific requirements. Your inquiry is solicited regarding our 
regular products for the generation and measurement of high sound 
levels or for the research and development of special products 
suited to your exact problems in this field. 


ALTEL 


Piease direct your inquiries to: 
Dept. 4RS, Advanced Engineering 
ALTEC LANSING CORPORATION 


161 Sixth Avenue, New York 13, N.Y. 


LANSING CORPORATION 


CIRCLE 12 ON PAGE 48 FOR MORE INFORMATION 


1515 S. Manchester Ave., Anaheim, Calif. 
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wellent magazine throughout.” 
helpful magazine!”’ 
yall means, keep this magazine 


wr publication, Research and 
mineering, is most helpful and as 
tated in my ballot, please keep 
tming just as it is.”’ 


magazine! Keep the good 
up!” 


ite R/E!!!" 
nioy reading R & E very much.” 
interesting periodical.” 


mM are doing an exceptionally 
i job in choosing and writing 
} your subjects!”’ 


melent publication.”’ 


find R/E one of the most stimu- 
mg periodicals that I read.”’ 


is one of the most valued pub- 
Mens in this office.’ 


g00d articles to date—ex- 
mat publication.”’ 


ine very helpful with present 
— tal articles very good—keep 
=x your publication very 
“x Magazine and content is su- 


W and find R/E more profita- 
he than any other.” 


‘Tre at last, I found is a maga- 
m that is doing a service rather 
a just clutter up an over-clut- 
desk. In general, the articles 

~ of exceptional quality and fur- 
information of precisely the 
festarch men need, and, in- 

auy, cannot find. Though it is 
tom realized, the management, 
stration, and justification of 
hare difficult and important 
Bding the technical work itself.”’ 


‘Veerally, the magazine has been 
mk useful and interesting.” 


‘Tou're doing fine.” 


ile R/E because it deals with 
miems of a higher and more gen- 
"il nature than most publications. 

oo with them in a very read- 


acuent macazine—keep up the 
mi work.” 
‘Unerally fine magazine!” 


S&E is fin 
€ a real need by 
sing on management of re- 


” 


vent this is an excellent publi- 


ELECTION RETURNS! 


In 1956 


A TOTAL OF 2,731 VOTES WERE CAST 


In the January and February issues, we reproduced—as 
at left—the articles only on technical management which 
were published in R/E during 1956. The 26 titles were 
listed—a ballot was included—and you, the readers, were 
asked to vote on those articles which proved most effective. 
In addition to the 26 feature articles, we included the 
regular monthly department “Technical Management” by 


Dr. Merritt A. Williamson. 


On the average, each ballot checked 18 of the 27 as being “extremely 
helpful” or “very interesting’—from which we conclude that 2/3 of the 
management articles hit the bull’s eye with the majority of R/E readers. 


Here are the first three winners: 


1. The DP Problem: How to Handle the Difficult 


Person in Engineering 


86.6% 





2. Time Management for the Research 


Executive 


84.0% 





3. How Do You Rate As An R/D Manager?....83.3% 


But it was close!—There was a spread of only 59 votes between the highest 


and lowest scoring articles. 


In the special category for Dr. 


Williamson's “Technical Management” 


series, over 61% of the readers voted for this department in one of the 


four categories shown on the ballot. 


To each of you who filled in and mailed the complicated ballot: ovr 
sincere thanks. The poll was taken to obtain another yardstick for editorial 


t port of R/E editorial content, 





guidance in the enginee 


and the informaton in the large number of returns has already been put 


to use. 


Although comments were not requested, on 74 of the ballots readers 


added personal opinions. All of these 





ents—brickbats as well as 


bovuquets—are given in the surrounding columns. 


UNSOLICITED COMMENTS FROM READERS: 


“R/E one of my favorite publica- 
tions. Bouquets to art and typo- 
graphy guys.”’ 


“An excellent magazine all around!” 


“Have derived much good from your 
publication. Many thanks.” 


“Your publication gets more atten- 
tion both as to text and ads, than 
most purchased publications ... 
because the problems treated are 
more nearly the actua! ones of R/D 
managers than purely technical 
matters.”’ 


“Products listing (new gadeets, etc.) 
seems a little out of place in your 
magazine.” 


“Keep up the good work— I like 
your coverage of new products.” 


“Good job.” 


“T find the whole issue of in‘eres’ 
every month.” 


“Yours is the first journal written 
for the R & D man, other than 
society pub’s. I appreciate your 
emphasis on quality instead of on 
‘number of editorial pages.’ 


> Of research design and development 


“Find your magazine most helpful 
and interesting.” 


“Excellent work—keep it up!” 
“Your articles are excellent.” 
“TI like R & E.” 


“Most refreshing technical maga- 
zine I read.” 


“I consider this the best journal I 
have ever read.” 


“Keep up the good work.” 


“All around you have a very helpful 
and interesting publication!” 


“Exceptional magazine—read every 
issue cover to cover.” 


“TI circulate my copy of R/E and it 
is well received.” 

“An excellent magazine in all re- 
spects. 

“T read *’em all!!” 
“Wonderful—Piease Keep it up!” 


“R & E was excellent in 1956. Keep 
up the good work.” 


“Congratulations on maintaining a 
high percentage of readable Ma- 
terial.”’ 


“Very useful publication.” 


“Look forward to receiving the 
magazine. Most useful and very 
good.” 


“Just keep up the good work.” 


“R/E magazines are extremely good 
easy reading.” 


“You have an excellent informative 
publication.” 


“Too much stress on aircraft and 
missile industries.”’ 

“The selection and variety of 
subjects have been excellent. If 
they continue in the future as in 
the past there is little in the way 
of criticism that can be offered. The 
R & E publication is my most re- 
liable reference for info. concern- 
ing my daily problems.” 


“R/E is the most interesting, varied 
magazine I receive—like it enor- 
mously—format excellent.” 


“Good magazine — stimulates di- 
versified thinking.” 


“Tt would be difficult to suggest im- 
provements—R & E is excellent.” 


“The 1956 issues have been very 
much in demand throughout re- 
search administration, even ahead 
of regular library service. My per- 
sonal copy is invaluable.” 

“R and E covers the management 
side of research and development in 
a way no other publication does. It 
fills a real gap in the literature.” 


“Tf I were reduced to receiving only 
one magazine, this would be it.” 


“T enjoy every issue and notice con- 
stant improvement.” 


“R/E is an outstanding publication 
and I usually read cover to cover.” 

“An excellent publication— enjoy it 
very much.” 

“R/E exceedingly valuable—look 
forward to reading each month.” 
“Yours is the best of the technical 
management publications I receive. 
Well done.” 

“Think you have done an excellent 
job thus far. Let’s have more of the 
same.” 

“Most excellent magazine.” 

“I think your magazine fills a very 
creat need.’ 

“Excellent magazine & material.” 


“General level of the macazine is 
very high. Look forward to reading 
_ 


“Like your magazine very much.” 











ANALYTICAL 
ENGINEERS 


At Hawthorne, in Southern California, Northrop 
Aircraft has a continuing need for experienced en- 
gineers seeking new opportunities. There are 
attractive positions open in the following fields: 
Aerodynamics, Dynamics, Thermodynamics, 
Stress, Loads, Performance Analysis. 

In Northrop’s superbly equipped multi-million- 
dollar engineering and science center, now near- 
ing completion, you will be given constantly fresh 
and challenging assignments. Present programs 
include Northrop’s new supersonic trainer air- 
plane, the Snark SM-62 intercontinental guided 
missile, plus advanced aircraft and missile pro- 
jects yet to be revealed. 

You'll be associated with a high-calibre engi- 
neering team that has established an outstanding 
record in aeronautical design and development. 
Your initiative and ideas will be recognized, en- 
couraged and rewarded, for at Northrop Aircraft 
the progress of personnel is as important as the 
progress of projects. 

Besides attractive remuneration, you will enjoy 
other benefits unexcelled in the entire industry — 
retirement plans, health and life insurance, col- 
lege educational reimbursement plan, regular 
vacations plus extra year-end vacations with pay. 
Easily-reached mountain, desert and beach re- 
sorts in sunny Southern California offer year 
‘round attractions for you and your family. 

You will find the career opportunity you are 
seeking at Northrop, pioneer in the design and pro- 
duction of all weather and pilotless aircraft. If you 
qualify for one of these attractive positions, con- 
tact the Manager of Engineering Industrial Rela- 
tions, Northrop Aircraft, Inc., ORegon 8-9111, 
Extension 1893, or write to: 1015 East Broadway, 
Department 4600-Al, Hawthorne, California. 








NORTHROP 


NORTHROP AIRCRAFT, INC., HAWTHORNE, CALIFORNIA 


Producers of Scorpion F-89 Interceptors and Snark SM-62 Intercontinental Missiles 
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(Continued from page 10) 


failure the only cause of equipment failure. There are also 
functional-type failures, where the equipment is incap. 
able of performing its assigned task even though no 
individual part has failed. An example of this would be 
a sensitive circuit which depends upon the root-mean- 
square of the tolerances of individual parts to furnish 
the desired accuracy. Another example would be a critical 
circuit which lacks adequate design centering and “parts 
selection”. A graphic example is a quantity of perfectly 
good tubes left over at the end of a production run that 
did not quite yield the desired performance value set up 
in the test specification. 

How valid is the method used to determine these indi- 
vidual components reliabilities? A laboratory-controlled 
experiment has several limitations. It assumes that en- 
vironments can be accurately simulated and simultane- 
ously applied. It also assumes that the cross-effects of 
associated components can be factored-in: nor does it 
consider that identical parts have different points of 
failure depending upon their applications. For example, 
a 5% resistor may in the laboratory experiment be con- 
sidered as having failed when it deteriorates 10% of 
nominal value. In its circuit application this same type 
of resistor may not fail at 20%, 30%, or 100% deteriora- 
tion. In fact, there will be cases where the equipment 
will not fail even if the resistor burned-open or shorted- 
out. Recognizing these difficulties, we might use tables 
of failure rates of components determined in actual 
equipments employed in similar environments. 

Other questions are also left unanswered. Will the 
components have the same reliabilities in new design as 
they did in the design from which the data were taken? 
How should we treat those parts which were replaced by 
efficient maintenance men before they actually failed? 
By the time we have separated components into their 
various groups and circuit applications, do we have 
enough failures to be statistically significant? An actual 
check of 50,000 failures covering a two year period of 
operation revealed that a group of 30 search radars had 
only 4 paper capacitors that failed and each of these was 
a different type. This certainly is not a large enough 
quantity upon which to base valid failure rates. 


-t/m 


~v 
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Second Method 


Let us consider the second formula in the same critical 
light. This method requires a random distribution of 
failures. To satisfy this requirement we must assume all 
the failures occur by chance, or there must not be any 
inherent weaknesses in either design or components. 
Therefore, we must assume that all failures are caused 
by internal stresses and none from external causes. By 
assuming this, we are assuming that interaction does 
not exist, and we sacrifice the possibility of accurately 
finding the effects of components interaction. Certainly, 
as a system becomes more complex, the nature of the 
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Richard R. Landers is Specialist, Re- 
liability Measurement and Prediction, 
Missile Guidance and Control Sys- 
tems Dep’t of G.E. in Syracuse, N.Y. 
He has presented papers on Reliabil- 
ity before the IRE, American Rocket 
Society, and several national sym- 
posia. He was formerly Product De- 
sign Engineer on Airborne Gunlay- 
ing Radar for B-36, -47, and -66. 


ystem governs the relation of the components more than 
joes the nature of the individual components. A com- 
pnent tends to lose its independent identity when it 
becomes part of a complex system. 

One of the most serious drawbacks of this as well as 
the other two methods is that none of them takes into 
consideration the length of repair time of simultaneous 
failures. In continuously operated equipment such as 
search radars, we may have, for example, ten failures 
ina ten-hour period. Conventionally, this would yield an 
hourly reliability of: P,,,=e-'/? or 36%. If all these 
failures occurred at the same time, the system would 
mly “experience” one failure and the reliability would 
then become P,,,= e-!/!° or 90%. Therefore, depending 
upon when in time these ten failures occur, we have a 
rdiability “difference” of 54%. Now consider the possi- 
bility where each of the ten failures requires one hour 
to repair and each failure occurs every hour. In this case 
the equipment will not operate at all during the ten-hour 
period. 

Assuming that the overall reliability of a system could 
accurately be measured, we would still not have the in- 
sight or understanding necessary to realistically predict 
its performance. We generally treat reliability as a com- 
plete entity. This may be acceptable and adequate in 
determining degrees of contractual compliance. 


In conclusion 


Desirable as it may be to measure the reliability of an 
equipment as a whole, we cannot do this unless we isolate 
the factors that combine to result in reliability. Once we 
achieve this isolation, we face the larger and more diffi- 
cult task of relating the inter-effects of individual com- 
ponents to each other and to the equipment as an entity. 
Components in this sense include both physical parts, 
such as resistors and capacitors as well as performance 
traits such as repairability and stability. 

The scientific method calls for varying one parameter 
ata time and holding all others constant. In complex 
systems this is difficult to achieve. To assist in this effort 
we can use the technique of factor analysis, analysis of 
variants and co-variants. These procedures recognize 
simultaneous variations of a number of factors and can 
be applied in reliability investigation. Analysis of co- 
variants allows the factoring-out of certain related but 
uncontrolled variables which are not of interest in a 
particutar investigation. 

In these multivariants analyses we not only find the 
qwantitative value of each factor but also the extent to 
which each one contributes to the end result. This yields 
4 method to separate and rank these parameters which 
have the greatest controlling effect so that corrective 
efforts may be more beneficially applied. END 


This is the first of two articles on Reliability by Mr. 
landers. The second article will appear next month. 
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INDICATION 


Original equipment 
manufacturers may 
choose from a com- 
plete line of Auto-Lite 
dial thermometer types, 
in ranges to meet the require- 
ments of specific applications. 







Send for our latest catalog describing the 
many Auto-lite thermometer styles and 


types. 


THE ELECTRIC AUTO-LITE COMPANY 
Instrument and Gauge Division 
Toledo 1, Ohio 
New York * Chicago * Sarnia, Ontario 





TEMPERATURE INDICATORS & RECORDERS 





CIRCLE 62 ON PAGE 48 FOR MORE INFORMATION 
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FURNACE 


 LINOBERG 


Write for 
Bulletin No. 
1053. Sold 

only through 





This is a versatile, rugged one-unit 
type furnace ideal for laboratory use 
Wide temperature range, operatable 
continuously at temperatures from 
300° F to 2500° F. Maximum tempera- 


, laborator 
ture for intermittent use 3000° F. y 


supply 
dealers 


LIN. oO eo ERG Laboratory Equipment Division 


LINDBERG ENGINEERING COMPANY 
2489 West Hubbard Street Chicago 12, Illinois 


CIRCLE 63 ON PAGE 48 FOR MORE INFORMATION 


















In the advance of science, publication is second only io 


discovery. Scientific experiments must be published before 


they can be duplicated or corroborated. Here R/E reports 


how forty companies overcome literary lethargy 














THE SCIENTIFIC LITERATURE which a country pro- 
duces is a good indication of the vitality of that coun- 
try’s science. There are several reasons why this is so. 

One reason is that most productive experimenters, 
from Pasteur to Riemann, have tended to be voluminous 
writers. In a recent study of scientific literature, Nobel 
prizewinner, William Shokley, observes that “Studies 
demonstrate surprisingly close correlation between 
quantity of scientific production and the achievement of 
eminence as a contributor to the scientific field.* 

Also, published articles bridge the information gap 
between scientists. They afford a means by which scien- 
tists working on the same problem in different labs can 
exchange information. And this process of keeping 
abreast of the latest developments is essential to current 
progress. 

Finally, a vigorous scientific literature aids a coun- 
try’s long-range scientific growth. As E. K. Gannett, 
Managing Editor of the Institute of Radio Engineers 
points out, “Scientific writing renews thinking. By plac- 
ing knowledge on record for ten years hence, it preserves 
the germs of useful ideas so that someone later may 
pick up where the last researcher left off and pursue 
the idea along a new line of development. That’s the 
way scientific progress occurs.” 


Cause for Concern 

How is America doing in this important phase of 
science and engineering? A few years ago no one would 
have bothered to ask such a question. America and West- 
ern Europe stood almost alone as the chief contributors 
to the literature of science. However, if the latest reports 
from the Academy of Sciences of the U.S.S.R. are to be 
believed, the Soviet Union is rapidly overtaking America 
in both the publication of original manuscripts and the 
abstracting of scientific journals. Last year the All Union 
Institute of Scientific and Technical Information, 
Russia’s scientific information center, boasted that it 
furnished complete coverage of 400,000 papers to Russian 
scientists. Though the majority of these may be transla- 
tions of back-dated Western papers, none-the-less, 








— 


"On The Statistics of Individual Variations of Productivity in Research 
Laboratories.——Proceedings of the 1.R.E., Volume 45, No. 3, March, 1957. 








SCOTT NICHOLSON 


contrasted against the estimated 5,000 papers written ip 
the fields of electronics, chemistry and mechanics in the 
United States last year, this figure must give American 
scientists pause. The Western World’s output of mer: 
torious scientific writing is even smaller. Last year, the 
Department of Scientific and Industrial Research in Lo- 
don, the Western World’s major center of scientific 
literature, reported that it abstracted 3,900 papers oi 
special merit produced in American and Western Europe, 
of which less than half were authored by Americans. 


The Role of Business 

Is there any explanation for this lag in America’s it- 
tellectual efforts? Interested observers here have com 
forth with several answers. 

Many place the blame on government security reguls- 
tions. The Defense Department and the A. E. C., this 
argument goes, have classified the very informatio 
which is most needed. One scientist at the Army’s Ret 
stone Arsenal—cleared through top secret—pointed out 
to a R/E reporter that the best way to maintain one’ 
access to classified information “is never to publish’ 

But probably the brunt of the blame is being borne by 
that standard whipping boy, the U. S. corporation. It 
formed engineers have accused companies of unintel 
tionally interfering with the publication of scientific 
literature. One widely held view, for example, is that 
public relations and sales departments turn most techii- 
cal writing into promotional literature. As an official 
the Grand Central Rocket Company, Redlands, California, 
points out, “Engineering articles should be purely fa 
information and not oriented toward the interest of sales 
When they are directed towards sales, the informatio 
becomes slanted and impedes the scholarliness of th 
articles.” 

Researchers also complain that companies encouragt 
scientists and engineers to be secretive about new pre 
esses and inventions. As George A. Stetson, editor 
emeritus of the ASME journal says, “Just two decade: 
ago the incentive was all toward publishing. The scientist 
made a reputation for himself in his field by writii 
papers. Today most men seem to get ahead in their col 
pany by inventing, but being very careful not to disclos 

(Continued on page 9, 
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any of the processes and products that result. Today the 
incentive is all toward nondisclosure of secrets rather 
than disclosure.” 

Finally, companies are accused of depriving scientists 
of the incentive and time to produce literature. Technical 
men, this argument says, are kept so busy producing 
research for the company, that in many companies there 
is no time for individual work. Credits for publication 
must be given to the company and to other nonwriters 
before companies will approve the publication of the 


paper. 
R/E’s Survey 


How valid are these criticisms? To find the answer, 
RESEARCH & ENGINEERING some time back polled 
forty companies in many parts of the United States re- 
garding their publication practices. The results of this 
survey reveal that these complaints are for the most 
part unjustified. Actually, companies in R/D are doing 
what they can to help their engineers get experiments 
into writing. Eighty-one per cent of the responding com- 
panies reported themselves actively encouraging their 
engineers to write for publication. 

From the standpoint of patent protection, keeping new 
discoveries secret is not always advisable. Many com- 
panies deliberately encourage their engineers to publish 
new inventions in order to reinforce their claims of 
patent priority. The patent department of the M. B. 
Manufacturing Company of New Haven, Connecticut, 
for instance, insists that its engineers publish as soon 
as possible after developing a product or process because, 
in patent law, prior publicity is nine-tenths of ownership. 

Finally, the belief that companies are discouraging 
individuals from publishing is refuted by the 43 per 
cent of companies. They see the main advantage of writ- 
ing to be the improvement it works on the thinking and 


Today, non-disclosure 
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is the tendency 
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expression of the individual engineers. For example, Dr. 
W. E. Hanford, vice president of Petroleum and Chemi- 
cal Research of the M. W. Kellogg Company says that 
“Only through publication does an individual maintain 
his own high technical standards.” And Dr. T. H. Rogers, 
director of research for the Standard Oil Company points 
out that “Authors of papers for publication write better 
reports. They need the experience of organizing and 
writing for a wide audience.” 

In short, R/E’s poll of forty companies indicates that 
American industry is very concerned with the problem 
of increasing the number of technical articles written 
for publication. Only 20 per cent of R/E’s respondents 





reported doing nothing to promote writing of scientifi 
literature. The great majority are pushing positive pro. 
grams to encourage engineers to write for publication, 

How do they go about this? The replies to R/E’s pol 
indicate most companies meet the problem by one of 
three systems. 


@ an engineer writing fund 
® a professional editing service 
® a publications committee. 


Writing for Money 


According to R/E’s survey, some companies have estab- 
lished writing funds to induce engineers to write. The 
company pays its authors a fixed fee for a minimum 
number of words. In most cases, in order to get paid, 
the author is required to do the writing on his own time. 
Also, the subject of the article must be about something 
other than his normal work. 

The advantages of an engineering writing fund ar 
set forth as follows by the Convair Company of San 
Diego, California: 

“Under the former system, we found engineer-authors 
tended to slant their writing toward the periodicals which 
paid the largest fees, with the result that papers were being 
submitted to relatively few editors, and not always to th 
publication best concerned with the article subject. Since, in 
Convair, payment to the author is standardized—at a pric 
comfortably above the going rate (we found the average 
honorarium well below $100 per article)—the author can 
submit articles without regard for financial return to th 
most suitable publications. 

“From our standpoint the system has worked very well. 
In the half of 1956 during which the fund was actually in 
operation, we authorized more than twice the number a 
payments for which we had budgeted at the outset. And in 
that half year more than doubled the number accepted by 
reputable magazines during the twelve months prior to the 
May starting date of the fund. Also paying men for writing 
gets the writing done.” 

“If the article can be paid for in cash,”’ adds the Di- 
rector of Research of the Electro Refractories ani 
Abrasives Corporation of Buffalo, New York, “the men 
will write on their own time—otherwise not.” 

Most companies, however, look upon writing funds a 
a needless expense. Said the chairman of the publications 
committee of a midwestern chemical company: “The men 
who write for money, I don’t believe produce as high 
quality work as those who are motivated simply by the 
reputation in their field.” 

A somewhat different objection is expressed by an 
official in the American Machine & Foundry Company, 
who argues that paying money for articles simply takes 
men away from their regular duties. “If we gave money 
for writing articles,” he laconically commented, “that’s 
all those guys would ever be doing.” 

Finally, many companies feel that the problem is not 
to stimulate quantity of scientific literature but to stimt- 
late quality. Said the research director of a North Care 
lina textile company, “There are very few really signif- 
cant articles written. And the real trouble seems to me 
to be in improving the writing quality so that men wil 
not have to dig and sweat as hard in eking the few 
morsels of information out of an overstuffed article.” 


Help from Editors 


. ° > o,+. ® 

How can companies improve the quality of writing: 
Many companies answer by hiring professional technical 
(Continued on page 82) 
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A Douglas engineer lives here 


Will your income and location 

allow you to live in a home 
like this...spend your 

leisure time like this? 











They can...if you os 
start your Douglas — 
career now! 

















Your objectives are probably high professional standing, good income, 
good security and good living. All four can be achieved at Douglas. 

Douglas has the reputation of being an “engineer’s outfit,” with the 
three top administrative posts being held by engineers. Maybe that’s 
why it’s the biggest, most successful unit in its field. Certainly it offers 
the engineer unexcelled opportunities in the specialty of his choice 
... be it related to missiles or commercial or military aircraft. 

You’ve looked around. Now look ahead ...and contact Douglas. 

For further information about opportunities with Douglas in Santa 
Monica, El Segundo and Long Beach, California and Tulsa, Oklahoma, 


write today to: 


DOUGLAS AIRCRAFT COMPANY, INC. 
C. C. LaVene, Box P-620, 3000 Ocean Park Blvd., Santa Monica, Calif. 


DOUGLAS 





First in Aviation 
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writers. These men, usually amateurs in science, are 
specialists in language. They work exclusively on polish- 
ing the writings of engineers. They may be on the public 
relations staff or members of technical writing divisions. 

Companies find that such men are useful in several 
ways. For one thing, they frequently produce more read- 
able reports. Because the technical editor is a specialist 
in writing, he often knows how to express ideas simply 
and clearly. Also since he’s a layman, he is more aware 
of points that are difficult to understand. As a result, 
the work he edits is frequently well received by the 
average audience. 

Another advantage of the technical editor is that he 
can help engineers to meet their writing deadlines. Be- 
cause he works exclusively on writing, he’s not diverted 
by other activities. Thus, he can push ahead on writing 
projects much faster than can the engineer, who is often 
overloaded with the demands of his work. 

Finally, many companies feel that having a technical 
editor on the staff saves money. The technical editor’s 
time is less valuable than the engineer’s and he can 
serve the writing needs of several engineers simultane- 
ously and save the overall time investment of these men. 

However, many R/D managers see decided disadvan- 
tages in the use of technical editors. For one thing, re- 
liance on them too frequently evolves into out-and-out 
ghost writing. This means that the engineer authors his 
articles in name only. 

Since one of the most significant values which an 
engineer receives from writing for publication is the 
practice he gets in clear and orderly expression of ideas, 
many R/D managers feel that the engineer loses this 
training if an editor takes over the task. Says Dr. T. H. 
Rogers, Director of Research for Standard Oil Company, 
“Authors of papers for publications write better reports 
also; and they need the experience.” An official of Philco 
Company adds, “In these days of cluttered communica- 
tion channels, the clarity with which technical ideas are 
expressed can have considerable bearing on the size of 
the clutter.” 

Ghostwriting also reduces the pride of authorship. A 
West Coast airplane company points out that writing 
for publication furthers an engineer’s reputation; the 
realization that another man has done much of the work 
diminishes this pride. 

One or two companies point out the possibility that 
technical editors, who are not well-versed in technical 








23 companies ¢ 


2 13 companies 
4 companies 


matters, may make embarrassing mistakes and bring 
possible loss of sales to the company. 


Publications Committees 


How can companies avoid such errors and still make 
use of technical editors? One way, which over 54 per 
cent of R/E’s respondents are employing, is through 
the use of publications committees to review the literary 
efforts of engineers. Men from various departments are 
represented on these committees. They are responsible 
for assigning articles and reviewing manuscripts. They 
meet from time to time, sometimes once a month, and 
bring to each manuscript the accumulated experience of 
their various backgrounds. 

These publications committees are popular for three 
reasons. One is that they diminish the chance of errors. 
Just as important, they stimulate interest in writing by 
providing an immediate audience for the author. Also, 
because he knows that the manuscript will go the rounds 
right away, the author tends to polish his work before 
hand. Finally, as one highly placed official in a chemical 
company points out, “Committees are a necessity in a 
company like ours, where the engineers are producing 
plenty of articles of various levels of competence. The 
committees provide a method of fairly assessing the 
articles for value and determining priorities—which 
articles should be published first and which are of sec 
ondary importance.” (Continued on page $8) 
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Transistors and Micro-miniaturization 


The 1957 IRE Convention, held in 
New York’s Coliseum, was the big- 
rest electronic convention in history. 
Yet it was dominated by one of the 
mallest components of modern tech- 
nlogy—the transistor. 

What have been the major elec- 
tronic advances in the past year? Es- 
entially, the IRE show revealed that 
the year’s major advances have been 
based on the taming of the transistor. 


Small Packages 


Prominent among these advances 
were the drives toward microminia- 
urization and something approaching 
total reliability. The electronic pack- 
we has been taken into smaller and 
mmaller regions, chiefly by using semi- 
conductors instead of tubes. 

North American Aviation’s J. R. 
Moore, called micro-miniaturization 
‘the ultimate technique” because it 
promises total automation. It makes 
wutomated machinery possible and 
makes the components small enough 
for the machines to handle con- 
veniently. A big bonus of micro-minia- 
tuwization is cost savings. To the 
nilitary this means more defense per 
dollar, for if one can make a missile 
lalf the size of its predecessor and 
still get the same results, he needs 
ily half as many planes to carry the 
Weapons, half as many men to man 
them, half the equipment and half the 
ogistical support. 

The second major theme of the con- 
vention was a variety of new transis- 
‘or applications. These new uses were 
the keys to breakthroughs in several 
motty technological problems. For 
we example, prime DC battery cur- 
tents can now be converted to higher 
DC levels without the need for vibra- 
‘rs and other unreliable mechanical 
ievices that break down long before 
ne electronic package they service. 
Universal Atomics of New York City, 
velo, Bendix, and Power Sources, 
lne., displayed transistorized power 
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converters that use no moving parts. 
The results are power packages of 
enormously increased reliability. 

The IRE show previewed a number 
of other transistor applications: 


Telemetering 


Transistors have made possible new 
performance highs in telemetering. 
Used in measuring missile perform- 
ance, transistors overcome extreme 
environmental conditions faced by 
airborne equipment. In the past, di- 
rectly-connected amplifiers encoun- 
tered serious difficulties because their 
vacuum tubes suffered thermionic 
drift. Silicon transistors greatly re- 
duced that problem at no cost to band 
width or high input. 


Counters 


High-speed counters, frequency and 
interval meters have, through the ap- 
plication of transistors, been made 
more reliable and accurate. rormerly, 
the power supplies produced accuracy- 
spoiling power variations. The tran- 
sistor has largely eliminated this 
problem. 


Computers 


One ingenious development in com- 
puter systems is AVCO Electronics 
Research Laboratory’s packaged com- 
puter building-blocks. These are 
modular basic circuit elements that 
can be combined in any degree of 
complexity to satisfy the particular 
demands of a laboratory. The need 
to buy a general purpose, packaged 
computer is thereby avoided. Tran- 
sistors and diodes are the hearts of 
the modules. 

IBM and Univac experts discussed 
using computers for designing ultra- 
reliable circuits. Special digital com- 
puters take over the trial-and-error 
tedium and tremendously accelerate 
test rate. They check any number of 
circuit configurations, vary them, and 
concurrently spot possible failures. 


ROBERT COLMAN, Director 
Research Products Associates 


But there are limits to computer 
horizons. For the present, the limita- 
tions are human ones. Further use of 
computers, and fuller use of those we 
now have, will require engineers more 
thoroughly trained in operational 
mathematics. Remarks at the end of 
one session on computers indicated 
the concern many engineers are even 
now feeling in the matter. A machine, 
they insist, cannot do an engineer’s 
creative mathematical work. It can 
only solve details of the problem. Hav- 
ing the engineer take his problem to 
a mathematician for programming 
won’t work because the mathematician 
lacks specific engineering knowledge. 
The only permanent solution is to 
properly train engineers in mathe- 
matics. 


Other Developments 


The show had a bewildering num- 
ber and variety of exhibits. 

@ R.C.A. exhibited an electronic 
light-amplifier panel that increases 
visible brightness of a projected light 
area a thousand times, and converts 
X-rays to bright visible light. 

@ Douglas Aircraft displayed a 
system of X-ray-sensitive phosphor, 
matched with a sensitive TV pick-up 
monitoring device that allows fluoro- 
scopic examination of the body. It 
reduces X-ray exposure time to 1/120- 
second and, by application of the 
Memo-scope principle, retains the 
image for a minute or more for lei- 
surely and safe examination. 

Motorola, Inc., featured an electro- 
static character writing tube that can 
be enclosed in the same neck with an 
electron gun to form a combination 
capable of simultaneously displaying 
radar echoes and identifying letters 
or figures on the same 19” screen. 

Transistors again, of the power- 
type; their application centers about 
high operating temperatures, aircraft 
and missile applications.—END 
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(Continued from page 14) 
trained for the jobs to which they are 
ter assigned; jobs that we fill by 
mder-rating our engineering gradu- 
ates or With on-the-job-trainees. 

Technicums and other secondary 
training schools insure Russia a more 
wmplete utilization of her manpower 
resources. 


Curricula 

Consistent with this economical use 
of manpower is Russia’s use of man- 
hours. She has defined her needs 
dosely and designed her syllabi 
wound them. Her most pressing need 
is for skilled production engineers, 
for specialists in narrow fields. Her 
engineering training reflects that 
need. The training of Soviet chemists, 
wempared with our own, has the 
Russian chemistry major spending at 
ast a third more time on chemistry 
subjects than his American counter- 
part. The Soviet student is required 
to learn more about other sciences 
such as analytical geometry, calculus, 
physics, thermodynamics, mechanics, 
etc. All these are a part of his cur- 
riulum and replace American courses 
in general education, liberal arts, and 
social sciences. 

Some cooperative training pro- 
grams occur in our training of en- 
gineers. But they are the exception. 
The Soviet Union, in contrast, re- 
qires industrial practice in all en- 
gineering programs. Taking industrial 
practice together with laboratory 
time, applied training in the Soviet 
wrriculum accounts for 72 percent of 
engineering instruction. 

Another aspect of the Russian em- 
phasis on the practical is the narrow- 
ness of their specialization. Standard 
practices and procedures, and ad- 
ninistrative-managerial problems are 
stressed. In the U.S., early specializa- 
tion and extensive technological train- 
ing is usually regarded as an obstacle 
creative engineering talent. But 
this very narrowness is desirable in 
Russia because most engineers are 
ag upon to work in production 
} 


Administration 

Five-year plans and centralized au- 

thority account for much of Soviet 

industrial growth. The same is true 

f Soviet higher education. All ad- 

vanced schools, and their curricula, 
(Continued on next page) 
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This 500 Ib. melting — 
and casting furnace, re- | 
motely controlled from 
a graphic panel, can be 
readily converted to 
semi-continuous opera- _ 
tion by addition of | 
Vacuum locks | 


“The outfit with the ‘know how’ 
has the answers” ...and this is 
doubly true in Vacuum technology! 
KINNEY High Vacuum Pumps pro- 
vided the answers “away back 
when” and you can practically 
chart the significant advances in 
Vacuum processing by the devel- 
opments contributed to the art by 
KINNEY engineering. 

The KINNEY oil sealed rotating 
plunger Pump, producing pres- 
sures down to 0.2 micron, continues 
to be the outstanding Pump of its 
kind in the world. The KINNEY 
Mechanical Booster Pump, intro- 
duced but four years ago, is con- 
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Vacuum Pumps, or } 

for detailed infor- | Name 


equipment [] 


]3642D WASHINGTON STREET 





KINNEY high capacity 
pumping system shown 
at left. 


tributing important advantages in 
securing clean, dry Vacuum at 
even lower pressures. 

Now KINNEY offers the metallurg- 
ist new tools for production and 
research...complete High Vacuum 
Systems — Evaporators, Furnaces, 
Drying Ovens and Packaged 
Pumping Systems. And for the 
Metals industry — Complete High 
Vacuum Systems for Melting, De- 
gassing, Casting, Refining and 
Heat Treatment. 

Yes, “for new developments in 
Vacuum Metallurgical Equipment” 
get the answers — based on experi- 
ence — from KINNEY. 


AENNEY wes. vivision 


ITE NEW YORK AIR BRAKE COMPANY “© 


BOSTON 30 + MASS. 


| Kindly send me catalog No. 425 [_} 
Also send further information on your complete Vacuum 
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Th 
| are under the penultimate control of the 8 
the Ministry of Higher Education, § "?? I | 
That ministry is a switchboard from § 8" 
which educational activities through | ™ 
out the USSR can be coordinated, 9% Mé 
for vibration test The ultimate determination of what 9?" 
| shall be done falls within the over. 9” = 
up to y LBS. pracy provinces of es — Plan- tt 
te) lel ameltha lini ning ommission, e arty, the @° 
MVD, and the financial arms of the § '¢ P 
: turn, 
up to 5:3 government. Thus, if a shortage of at 
LOAD AT 10 G metallurgists is anticipated, the en- 9” 
tire machinery of persuasion and com- 9" © 
pulsion can be brought to bear to apne 
supply the need. Student stipends may _ ; 
be raised, better living quarters ar- ake 
ranged, other benefits conceded. The | “"e!O 
whole adjustment of industrial de chipen 
STM : mand and educational supply can be _ 
e e is One OF a new : : : indivi 
series of “wide-band” shakers designed preserved by this centralized coordi- a a 
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input requirements. It is the Basic Unit for five — a benefit 
completely integrated CALIDYNE Vibration Test ittitud 
Systems. Oscillatory linear forces up to 5000 lbs. are generated te a 
, en precisely ere over msg ae gr for Hpcweey come ong: ter These then are some of the devices 9°" 
of products up to 411 lbs. maximum loa ny of these five Vibration Test : +s _ mt 
Systems using this New Model CALIDYNE 177 Shaker will enable you to: Russia has used to mobilize her edue 9° Ber 
1. Dj ec cational establishment: she has closed 
. Discover effects of ‘“‘brute force’’ shaking on your assemblies and de- : ; 
termine their ability to withstand vibrations far beyond those of avenues of social rise so that a career 
normal operation. in education or science or engineer- 
2. Provide factual vibration data essential in determining mode shape, ing is almost incumbent on the am- 
frequency and damping characteristics. Dithenn aeam on wnmenn> fen Meee 
3. Determine results of fatigue testing at extremely high stresses and ; . P 
deflections. vided not only free schools, but also 
CALIDYNE VIBRATION TEST SYSTEMS USING NEW MODEL 177 SHAKER stipends and bonuses for students; 
she has accorded critical areas of 
System Type of Force | Power | Frequency | Maximum load education priorities for new facili- 
Number Vibration Output Supply Range 10 g. 20 g. Mae: shee ban hestemel monetary heme. 
1} 177/80 Sinusoidal | 3500 Ibs.| Electronic) 5-2500 cps. | 261 Ibs. 86 Ibs. fits one prestige upon scientists and 
2| 177/180 | Sinusoidal | 5000 Ibs./| Rotary 5-2000 cps. | 411 Ibs. 161 Ibs. teachers; and, very significantly, she 
3| 177/186 | Sinusoidal | 5000 Ibs./| Electronic! 5-2500 cps. | 411 Ibs. | 161 Ibs. has used her technicums to train to 
Readem or their uttermost capacities as many 
4| 177/190 | Sinusoidal} | 5000 Ibs.| Electronic} 5-2500 cps. | 411 Ibs. | 161 Ibs. technicians as possible to support her 
5| 177/190 | Random} | 5000 Ibs./ Electronic! 5-2500 cps. | 411 Ibs. | 161 Ibs. more highly educated technical per- 
tT his system will perform with Random, Sinusoidal, Tape or Mixed Inputs. sonnel. 
A separate Bulletin 17700 details the s wPModel 17 | ALIDYNE Fac eo Soviet and U.S. Premises 
components and accessories of the new Model 177 CALIDYNE Shaker an . . : » ig 
its five Shaker Systems. For engineering counsel in applying Controlled Russian educational philosophy 
Vibration to your research and testing, call us here at CALIDYNE — _ such that it allows this kind of ma- 
WInchester (Boston) 6-3810.  nipulation. It has three major prem 
see a —— i ises. 
+ iad | 1. The advancement of science and 
4 ; » Be ti Fe | technology is best promoted through 
= - oe 6[]= = central planning of education and re 
p = aoe i: ae a eee search. 
120 CROSS STREET, WINCHESTER, MASSACHUSETTS 9. Scientific and educational efforts 
< aaaar eae | are primarily a means for the at 
"Go ae fothvosh 3.1400) Denuh taiigas Weseduan 9-5000% “Totyncod. ott (Moltywood 2.1195) gg een gy Fy vancement of the overall interests of 
Syrocuse, N. Y. (Syrocese 3.7870) F. ®. Jodon, tne Sen Diego, Colif. (Acodemy 2-1121) Seottle, Wash. (Londer 3320) ° 
©. Cortie Gage! & Auee Wathington, . C. (Oliver 2-4406) Belmont, Colif. (Lyte! 1-0365) CAMADA the nation. 
Seer MTom 1.3093)  Coces Death Fe. tCocee Booch 3320) dia A. Guess Ss en, Ove. Recher 45606) | 3. The basic truths of human life, 
Phitedelphia, Po. (Welnut 2.3270) ee ee ae on anon | “ee d of 
MP. Odell Compony "Encoge, th lagheweder 2-155S) ‘Yona, OAlchome (Riverside 24657) Rache htenationa! Comp | of nature and the universe, an¢ 
Boyton Chie (regen 4481) faenepetn, tan (Colton PPV) «same Calaredotacema 0276) | Wanay ses | gocial, political, and economic, reality 
| have been discovered and indubitably 
CIRCLE 67 ON PAGE 48 FOR MORE INFORMATION | proclaimed. = 
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Thus, the task of the teacher and 
the scholar is to demonstrate and to 
ply these truths rather than to 
westion them and seek alternatives.* 

These principles, and the philosophy 
of Marx and Lenin from which they 
pring, account for the differences 
in purpose and form between Soviet 
und Western education. The purpose 
if both is to produce a skilled person. 
The purpose of the skilled person, in 
urn, is to serve society. But at this 
wint the purposes diverge, at least 
in emphasis. The Western purpose 
mphasizes the development and wel- 
fare of the individual for his own 
ake; and a concommitant of his self- 
evelopment is his responsibility as a 
titizen to the state. The Russian em- 
thasis is upon development of the 
individual as a social resource: the 
nd of education is not individual 
nefit but state benefit. The Western 
attitude necessarily results in a cer- 
ain diffuseness of effort and even 


. Berman. Columbia Law Review, May °54 















determined by much more than the 
individual’s desires, and these have 
all the variety and vagary of indi- 
vidual tastes and preferences. The 
Soviet attitude results in a sharp and 
purposeful focus where curricula are 
determined by the state in accordance 
with its desires and needs and the 
individual must conform to this sim- 
pler and stronger pattern. 

But besides this difference between 
American and Russian educational 
philosophies, there is another strong 


waste—since the end is not finally | 





contrast. Many of the Soviet solutions © 
are available to us without alteration | 


of our principles. We can pay teachers 
better salaries and accord them social 
status commensurate with their im- 
portance; we can increase subsidies to 


education; we can make science more | 


attractive to young people, and we 
can better develop their talents. The 
contrast subsists not so much in what 
the Soviet can do and we can’t; but 
in that they are doing what they can. 


Soviet Syllabus—(concluded) 


tion. Concave and convex 
lenses. Lens formulae. Pho- 
tographic apparatus. Micro- 
scope and telescope. Prisms. 
Spectra. Absorption spectra. 
Fraunhofer lines. Wave na- 
ture of light. Interference. 
Photoelectric effect. P. N. 
Lebedev on magnitude of 
light pressure. 

8. Atomic Structure—Phe- 
nomena verifying the com- 
plex structure of the atom. 
Means of observing particles. 
Atomic structure. Radiation 
and absorption of energy by 
uranium atom. Composition 
of the atomic nucleus. Chain 
reactions. 


V. CHEMISTRY 


Physical and _ chemical 
phenomena. Mixtures and 
compounds. Chemical reac- 
tions. Exothermic and endo- 
thermic reactions. Simple 
and complex matter. Ele- 
ments. Allotropy. Metals and 
non-metals. The basic posi- 
tion of the atomic-molecular 
scientist M. V. Lomonossov 
as founder of atomic-molecu- 
lar study. Atomic and mole- 
cular weight. Gramme-atom. 


ee 
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Gramme-molecule. Lomonos- 
sov’s laws of conservation of 
weight. Valency. Chemical 
formulae and equations. Se- 
lection of coefficients for 
given starting and end prod- 
ucts for simple reactions. 
Solutions. Graphical repre- 
sentation of solubility in 
gases, liquids and_ solids. 
Oxides, bases, acids and sales. 
Electrolytic dissociation. 
Electrolytes and non-electro- 
lytes. D. I. Mendeleev, the 
periodic law. Radioactivity 
and radioactive decay. Basic 
knowledge of atomic struc- 
ture. Hydrogen. The halo- 
gens and chlorine. Chlorine 
compounds. Oxygen. Sulphur. 
Hydrogen sulphide. Sulphur 
dioxide. Nitrogen. Air as a 
mixture of gases. Phospho- 
rus. White and black phos- 
phorus and natural com- 
pounds. Carbon, diamond, 
graphite and coal as allo- 
tropic modifications of the 
basic element. Theory of A. 
M. Butlerov of the composi- 
tion of chemical compounds. 
Benzole. Hydrocarbon spirits. 
Chromium. Sodium. Calcium. 
Aluminum. Iron and steel. 





| N.Y. (In Canada: Ward Leon- 


“LIVE BETTER... Electrically 








Illustration courtesy of Popular Science Monthly. 


New stability for 
Satellite tracker 


Power resistors win out over 
“precision” resistors for low drift 
plus high overload capacity 


A few millivolts power-supply drift can 
mean a large range or angle error in tracking 
the U. S. Navy’s satellite missile— built for 
the International Geophysical Year. 

it's for this reason that voltage regu- 
lated power supplies for the tracking 
equipment must be as stable and as drift- 
free as the state of the art permits, over a 
very wide range of operating conditions. 

That, in brief, is the problem that faced 
engineers at Power Designs Inc., Richmond 
Hill, N. Y., builders of regulated power sup- 
plies for the satellite tracking equipment. 

To make the problem really tough, how- 
ever, maximum reliability required that 
failure of any component not damage any 
other component. Certain vacuum tube 
failures, for example, subjected ordinary 
precision resistors to an 8 to 10 times 
overload. The resistors charred, opened 
up. Some even blew up, literally! 

Engineers at Power Designs got together 
with Ward Leonard engineers and came up 
with the answer: A special Ward Leonard 
Vitrohm resistor that had all the drift-free 
stability required plus the overload capacity 
that makes Vitrohm resistors a favorite 
among designers. More economical, too. 

This, of course, is added testimony to 
the facts we've known all along about 
Ward Leonard Vitrohm resistors. And, it 
shows the cooperation you can expect 
when you bring your special problems to 
Ward Leonard’s application department. 

We predict, too, that you'll be hearing 
more about these special high-stability Ward 
Leonard Vitrohm resistors. Particularly if 
youre concerned with analog or digital 
computers, acquisition or tracking equip- 
ment, instrumentation or other application 
requiring the utmost in stability sa high 
overload insurance. For more data now write: 
Ward Leonard Electric Co., 19 7.2 
South Street, Mount Vernon, 





ard of Canada Lid., Toronto. ) ~ 
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On the negative side are the standard criticisms of 
committee management which arise from time to time 
The members of publication committees are frequently 
not familiar enough with the subject of the manuscript 
to be qualified to review it. Sometimes the comments on 
the margins of the manuscript are a deterrent rather 
than an encouragement to further writing. In addition, 
frequently no one takes responsibility for seeing that | 
the publications are mailed out to magazines. When a | 
technical writer is available, there is always one indi. 
vidual to ride herd on articles and see that a specified 
number are distributed. In committees, with each of the 
members too busy to give it his full time, this activity 
is often ignored. 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, spot- 
lighted in color, You See what is happening at a glance. 
Facts at eye level—saves you time, prevents errors. 


Simple, flexible—easily adapted to your needs. Easy 
to operate. Type or write on interchangeable cards, snap 
in grooves. Ideal for production, scheduling, sales, traffic, 
inventory, etc. Made of metal. Compact, attractive. 





$4Q50 
Complete Price 49 Including Cards 
24-Page Illustrated Booklet 40-M 
F- R b F Mailed Without Obligation 


GRAPHIC SYSTEMS = ae? sr'y 
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How About the Time Element? 
Seventy-five per cent of R/E’s respondents agreed that 
| time is one of the main obstacles to the production of 
scientific literature. Handy & Harmon reports, “The prob- 
lem is to get the job done. The result is that the author 
works on the report during and after hours.” And J. 
Bennett Hill, Director, the R & D Department of the 
Sun Oil Company in Philadelphia says, ‘Though it’s 
accepted that the engineer may write on company time, 
actually most of this work is done on his own time.” 
A great number of companies, 51 per cent, make al 
lowance for this lack of time by permitting engineers 
to do some of their writing on company time unless @ 
special project intervenes. The truth is, however, that 
special projects arise so often in most labs that engineers 
have little if any time to write during office hours. 











Accurately controlled pressures to 20,000 Ibs.; 6-inch | 

gauge clei on veg Carver Standard Accesso- | Quality the Main Concern 
ries include Electric or Steam Hot Plates, Carver Test | Perhaps the best appraisal of the scientific literature 
Cylinders, Swivel Bearing Plates, Cage Equipment. being produced in America today was made by Ralph 
Available from stock. Write for catalog. Phelps, Director of the Engineering Society Library, 
who commented, “Measuring writing in terms of quantity 
FRED S. CARVER INC. is pretty meaningless. The important thing is that sciet 
HYDRAULIC EQUIPMENT | tific literature be written with a view toward teaching 
ums 1 CHATHAM ROAD, SUMMIT, N. J. eum «=| «Ss nd informing, not just to place one’s paper — M 


4 >? 
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Which of these PROBLEMS fit your fields 
of interest in ROCKETS? 


Bell Aircraft long a leader in liquid rocket development, produces 


aircraft and missile propulsion systems embodying the most advanced 
design concepts. Major efforts of the newly organized Rocket Division are 
directed toward the design and development of power plants, including 
turbine pumps, control valves, gas generators, pressurization systems and 
tanks. 

Some of the problems which are under extensive investigation by 
the Rocket Division are: 


3. Conduct an analysis of each 
component entailing fluid pressure 


1. Devise a method to study the 
formulation of propellant jets and 
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droplets on injection and follow 
their behavior during the phases 
of mixing atomization, evapora- 
tion, and combustion. 


2. Determine by means of special- 
ly designed apparatus, the coeffi- 
cients of heat transfer to a liquid 
in the non-boiling, nucleate boiling, 
and film boiling regimes as func- 
tions of pressure, velocity, and bulk 
temperature. 


if your qualifications place you in a position to 
help solve these challenging problems...or if you 
are now limited in the scope of your opportunity 
and would like to participate in any of Bell's 
widely diversified activities in other fields, write 
Manager, Technical Employment, 
Department M10, Weapons Systems Division. 
BELL AIRCRAFT CORPORATION, P. 0. Box One, 


today: 


Buffalo 5, New York. 


« 


1957 


losses, speed of operation, expect- 
ed variations dve to minute flow 
change and their effects on the com- 
ponent operation. 


4. Plan testing and data analysis 
for liquid rocket engine design and 
development to overcome prob- 
lems involving extreme tempera- 
ture operation, turbine speed con- 
trol, reliability, serviceability and 
maintenance. 


I 


re raft (ORP 


BUFFALO N.Y. 
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Aerodynamicists 

Aeronautical Engineers 
Automatic Control Designers 
Chemical Engineers 
Combustion Research Engineers 
Communications Engineers 
Design Checkers 

Development Engineers 
Digital Computer Development Engrs. 
Dynamic Engineers 

Electronic Engineers 

Electronic Standards Engineers 
Engineering Computors 
Environmental Specialists 
Field Test Engineers 

Flight Test Engineers 

Flight Test Programmers 

Fuel Injection Specialists 

Gear Designers 

Guidance Engineers 

Gyro Specialists 

Heat Transfer Engineers 
Hydraulic Engineers 

IBM Programmers 
Instrumentation Specialists 
Laboratory Test Engineers 
Magnetic Amplifier Specialists 
Mathematical Analysts 
Mechanical Engineers 
Microwave Engineers 
Miniturization Engineers 
Nuclear Physicists 

Operations Analysts 
Physicists 

Power Plant Designers 
Pressure Vessel Designers 
Project Engineers 

Publication Engineers 

Radar Systems Engineers 
Reactor Designers 

Reliability Engineers 

Rocket Test Engineers 

Servo Systems Engineers 
Servo Valve Engineers 
Statisticians 

Stress Engineers 

Structures Engineers 
Specification Writers 

Technical Writers 

Test Equipment Engineers 
Transformer Design Specialists 
Transistor Application Engineers 
Thermodynamic Engineers 
Telemetering Engineers 
Turbine Pump Designers 
Vibration & Flutter Analysts 
Weapons Systems Engineers 
Wave Guide Development Engineers 
Weights Engineers 





The constantly higher precision now be- 
ing demanded in many laboratory and 
production practices, necessitates the use 
of water of known ionic purity. The 
problem of quickly and economically de- 
termining the ionic purity of water has 
now been solved with the introduction 
of this new testing device called the 
Crystalab IONIMETER Model CT-21. 
It comes equipped with D’Arsonval meter 
with direct reading dial graduated 0 to 
50 in parts per million as NaCl. This 
scale range converted into electrical re- 
sistance is 5,000,000 to 0 ohms. Crystal 
Research Lab., Inc., 29 Allyn St., Hart- 
ford 4, Conn. 
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Magnet Wire R/D Kit 

This Teflon Magnet Wire Kit was de- 
signed specifically for use in Research 
and Development projects where small 
quantities of different gauge sizes are 
needed for prototypes and experimenta- 
tion. The kit contains an assortment of 
12 miniature spools of Teflon coated 
Magnet Wire in gauge sizes 20 through 
42 AWG. This wire conforms to Type 
III, MIL-W-19583 (NAVY) Specifica- 
tions. Tensolite Specialties, Inc., 198 
Main St., Tarrytown, N. Y. 

CIRCLE 41 ON PAGE 48 FOR MORE INFORMATION 
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This new laboratory ultra-high vacuum 
valve for handling pressures of 10-!°mm 
Hg and lower is useful in vacuum sys- 
tems where non-contamination and the 
ability to bake out are of the highest 
importance. Effective conductance of the 
valve for nitrogen is only 1 x 10-1"! 
liter per second. The VAU-25 valve 
seals a vacuum system from a diffusion 
pump without the contamination and 
inconvenience of a glass seal-off. It also 
handles very pure gases, such as noble 
gases. The assembly is a Monel cup 
sealed off by a flexible Monel diaphragm 
which can move 0.1 inch. Opening into 
the Monel cup are two %-inch copper 
vacuum leads. Rochester Div., Consoli- 
dated Electrodynamics Corp., 1775 Mt. 
Read Blvd., Rochester 3, N. Y. 

CIRCLE 42 ON PAGE 48 FOR MORE INFORMATION 
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SOILABORATORY EQUIPMENT 


L-Band Dummy Load 


This dummy load features a direct indi- 
cating calorimetric watt-meter. The load 
elements are two tapered fluid elements 
of molded fiberglass construction which 
are centered inside of a four foot long 
section of aluminum waveguide. A rn. 
mote heat-exchanger unit pumps a con- 
stant volume of lossy liquid through the 
tapered fiberglass elements to absorb 
the heat. The differential liquid tem. 
perature between input and output flow 
connections to the load element is meas- 
ured by a thermopile element, and a 
remote meter reads directly the kilowatts 
of energy absorbed. The unit operates 
in a frequency range from 1150 megs- 
cycles to 1750 megacycles with a voltage 
standing wave ratio of less than 115 
and is rated at 1500 watts maximum 
average power and 5 megawatts peak 
pulse power. WacLine, Inc., 35 S. St 
Clair St., Dayton 2, Ohio. 

CIRCLE 44 ON PAGE 48 FOR MORE INFORMATION 


Spectrophotomete! 


For the laboratory with a limited budget 
this table top infrared recording spec 
trophotometer is useful for infrared 
analysis. It measures 47 x 30” and pro 
vides for differential analysis merely by 
adding a fixed slit mechanism, a variable 
scan drive and an AC basis. Baird 
Atomic, Inc., 33 University Rd., Cam- 
bridge 38, Mass. 

CIRCLE 45 ON PAGE 48 FOR MORE INFORMATION 


Precision Spectrometer 


This spectrometer offers angles an 
circular spacing up to .1 second direct 
reading to test precise angles of prism 
faces, gage block combinations and in- 
strument assemblies. One accurately d- 
vided circle reads both table and tele 
scope positions. The work piece or 

scope can be rotated independently of 
each other. The circle reading corrects 
centering errors; it is direct to .1 s& 
ond. The spectrometer carries a coll- 












mator on a pillar, which can be set @ | 


any desired position around the ring | 


on the base. Engis Equipment Co. #1 7 


S. Dearborn St., Chicago 5, Il. 
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interval Timer 


This new Interval Timer can be two- 
hle mounted or one-hole center mount- 
ed. A durable, molded bakelite case 
huses one or two SPDT or SPST open 
blade switches rated at 30 amps, 115 v 
AC resistive and 1/3 h.p. at 115v AC. 
The permanent magnet synchronous mo- 
wr drives precision cut cams which 
actuate the 30 amp switches at full scale 
intervals ranging in duration from 45 
ze. to 6 days. Shorter than 45 sec. 
ranges are available with lower contact 
ratings. Designed for high volume pro- 
juction, Type 271 Interval Timer pro- 
vides accurate timing and reliable opera- 
tion at an economy price. For use on all 
standard voltages, 60 and 50 cycles, and 
2 wide selection of special voltages, 
Type 271 is designed for U. L. approval. 
Cramer Controls Corp., Centerbrook, 
Conn. 
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Pulse Generator 


The insides of this pulse generator are 
asily accessible. The circuitry provides 
last rise time pulses at high repetition 
tates. Controls for this improved version 
ii the Model 2125A provide excellent 
‘solution, utilizing §multiple-decade 
mnges for pulse spacing, delay and 
ndth. Repetition rates from 10CPS to 
0 KC, variable advance or delay opera- 
ton 0 to 100 usec, variable pulse width 





fmm less than 0.1 to 100 usec and vari- 


Ge amplitude low impedance output are 


movided. Snap-off top and bottom plates 


@Mvide complete accessibility and over- 


ing light shield minimizes instru- 


mnt panel glare. Electro-Pulse, Inc., 





181 Major St., Culver City, Calif. 
MCLE 47 ON PAGE 48 FOR MORE INFORMATION 
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e Your Tektronix 
> Field Engineer 


| 


TH 


Assisting with all phases 
of the ordering process 
is another of his many 
helpful functions. 








RDERING AID 


E CORRECT TOOL 


There are many types of oscilloscopes, each designed for a specific appli- 
cation area . . . from the broad general-purpose oscilloscope to the highly 
specialized instrument, Your Tektronix Field Engineer can help you make 
the best possible investment by recommending the oscilloscope best suited 
to your present and future needs. He will be happy to back up his recom- 
mendation with an actual demonstration of the instrument in your appli- 
cation. But he will not hesitate to recommend some other method of 
attacking the problem if it appears to meet your requirements more 


efficie 
select 








ntly. Try him. A no-pressure consultation with him can help you 
the correct tool for your work. 


PURCHASING DETAILS 


If you are a Purchasing Agent or Buyer, you may occa- 
sionally need information on prices, terms, shipping 
estimates, and best method of transportation on instru- 
ments and parts. Although your 
Tektronix Field Engineer does not 
provide you with cigars or gadgets, he 
will gladly furnish whatever in- 
formation you need to help ease 
your work. And he won't bother 
you with technical specifications 
unless you ask for them. He 
knows that you know what's go- 
ing on in your Company, and 
will appreciate your help in 
steering him around. 


FOLLOW-UP 


The value of your oscilloscope is highest when you are able to realize its 
full potential. If your choice is a Tektronix Oscilloscope, your Tektronix 
Field Engineer is available to help you achieve maximum utility. Look to 


him for 






any kind of assistance with any Tektronix Instrument...any time. 


Tektronix Field Offices: Albertson, Long Island, N. Y. 
— Albuquerque, N. M.—Baltimore, Md.— Bronxville, 
N. Y.—Cleveland, Ohio— Dallas, Texas — Dayton, Ohio 
— Elmwood Park, !ll.— Houston, Texas — Los Angeles, 
Calif.— Menlo Park, Calif. — Minneapolis, Minn. — Mis- 
sion, Kansas — Newtonville, Mass. — Philadelphia, Pa. 
— Phoenix, Ariz.— Syracuse, N. Y.— Union, N. J.— 
Willowdale, Toronto, Ontario. 


Tektronix Engineering Representatives: Bivins & 
» Caldwell, High Point, N. C. and Atlanta, Ga.— How- 
thorne Electronics, Portland, Ore. and Seattle, Wa.— 
Hytronic Measurement Associates, Denver, Colo.— Arthur 
Lynch & Associates, Fort Myers, Fla. 


Tektronix is represented in seventeen overseas 
countries by qualified engineering organizations. 


TEKTRONIX, INC., P. O. BOX 831, PORTLAND 7, ORE. 
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New control for jets 
...and industry ! 


Precise control of every operating pressure 
is a must for the jet engines that power our 
modern military aircraft. 

To make matters tough for the design en- 
gineer, this control must often be automatic 
or semi-automatic, function reliably under 
many diverse conditions. And, last but not 
least, the pressure sensing element must often 
be as linear as it’s possible to make it. 

Engineers at the Hamilton Standard Divi- 
sion of United Aircraft selected Bristol's cap- 
sular pressure sensing elements for the fuel 
control systems soon to go into planes like 
the Navy F8U Crusader, above. 

For Bristol has built up a backlog of 67 
years experience in manufacturing pressure- 
sensing elements for use in our own Bristol 
instruments under the most diverse operat- 
ing conditions. 

We've found out how to build them to 
take punishment—for example, they'll take 
200,000 flexings at 30 cpm with no more 
than 1% change in characteristics. And we 
believe the linearity of Bristol elements can’t 
be equalled anywhere in standard units. 

Because of expansion of our facilities, 
Bristol pressure sensing elements are now 
available to industry. They come in a wide 
variety of stock characteristics between the 
extremes listed below. Ask us for Bulletin 
AV 2001. The Bristol Company, 146 Bristol 





Road, Waterbury 20, Connecticut. 6.68 
RANGE OF CHARACTERISTICS 
(Stock Capsules) 
Range 
Characteristic Min, Max, 
Outer diameter (in.) 15/16 211/32 
Effective area (square in.) 0.40 1.67 
Travel (in./psi) 0.0004 0.015 
Pressure span (psi) 
¢ Expansion 2 100 
¢ Compression 2 100 
Deviation from linearity (max %) 1/4 1 
1/4 1/4 


me effect (max %) 
Allowable overpressure (max % 20 20 
to maintain linearity) 


Temperature range —65Fto —65F to 
(normal) 300F 300F 

Temperature for 2% travel change 550F 550F 

Spring rate (p/in., +10%) 24 1875 





BRISTOL 


Automatic Controls - Recorders - Telemeters 
Socket Screws - Choppers and High-Speed Relays 
Aircraft Pressure-Operated Devices 
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Experimental Facility OK’d 


The Atomic Energy Commission has 
filed notice of the proposed issuance to 
Babcock & Wilcox Company of New 
York of a license to operate its critical 
experiments facility near Lynchburg, 
Virginia. 

The Babcock & Wilcox Company ap- 
plied in October 1955, for a permit to 
construct the facility on a 520-acre tract 
about 3% miles east of Lynchburg, 
where the company’s fuel element fabri- 
cation plant is located. Based on a re- 
view of the application and its amend- 
ments, including the company’s safe- 
guards reports, the Commission con- 
cluded that there was reasonable as- 
surance that the facility could be oper- 
ated at the proposed site without undue 
risk to the health and safety of the 
public. The construction permit was 
granted in December 1955. 

A critical assembly differs from a 
reactor in that the arrangement of the 
fuel assembly and other components is 
not permanent, but may be re-arranged 
without difficulty. The chain reaction is 
maintained at or near zero power, and 
little radiation is emitted. Assemblies of 
this sort are used to study the behavior 
of special nuclear materials at various 
degrees of enrichment and in different 
shapes. 

The license to Babcock & Wilcox pro- 
vides that the company must submit 
each planned group of experiments to 
the Commission for a safety evaluation 
by the staff before the tests are con- 
ducted. The license contains authoriza- 
tion to perform critical experiments 
which are related to the design of the re- 
actor for the nuclear power plant now 
under construction by Consolidated Edi- 
son Company. 


Nuclear Training Grants 


This month the Atomic Energy Com- 
mission approved grants of $1,193,450 to 
15 American universities for equipping 
laboratories. The laboratories will be 
used for training nuclear scientists and 
engineers as part of the Commission’s 
policy of helping solve the manpower 
shortage in the atomic energy field. The 
Commission also loaned the universities 
and colleges material such as uranium 
metal and neutron sources. 

The AEC has received more than 40 
proposals for grants since the policy 
was announced last September. Addi- 
tional announcements of awards are 
planned for the near future. The largest 
grant—$216,950 to the University of 
Puerto Rico—is for the establishment of 
a nuclear training center as part of the 
Atoms-for-Peace Program. 


r/d contracts 


Sea Water Lab Set Up 


A new marine testing laboratory has 
been set up at the Harbor Island, N.C. 
station of the International Nickel Co, 
by Griscom-Russell Co., Massilon, Ohio, 
Purpose of the new facility is to obtain 
accurate and complete data on heat 
transfer and evaporator equipment and 
materials under actual sea-water con- 
ditions, Data from this lab are expecte/ 
to aid in a recently awarded R/D con. 
tract with the Department of the I. 
terior, Office of Saline Water Research, 
in the application of low-thermal-iif- 
ference distillation. 


Nuclear Center for Cleveland 


The Atomic Energy Commission has 
authorized The Austin Company of 
Cleveland to proceed with preliminary 
designs for a nuclear center which is 
being planned under the joint sponsor- 
ship of Case Institute and industrial 
firms interested in types of research 
which require a high flux engineering 
test reactor. The other participants in- 
clude: Cleveland Electric Illuminating 
Co., Republic Steel, Shenley Industries, 
Inc., Standard Oil Company of Ohio, and 
Thompson Products, Inc. 


Pool-Type Reactor to Germany 


The Atomic Energy Commission has 
filed notice of the proposed issuance 
a license to AMF Atomics, Inc., of Nev 
York for the export of a research reactor 
to West Germany. The reactor, a} 
megawatt pool-type research facility, i 
to be shipped to the Land Bayern, Fei 
eral Republic of Germany, for erection 
at the Laboratorium fuer Technich 
Physik de Technischen Hochschul 
Muenchen near Munich, 


SIR to be Shut Down 


The Department of Defense does m 
plan to install sodium-cooled reactor pr 
pulsion systems, such as were used 
the Sea Wolf, in any more naval vessels 
The Atomic Energy Commission wil 
shut down the prototype submarine = 
termediate reactor (SIR) which was & 
veloped at GE’s Knolls atomic powe 
laboratory and has been operating & 
perimentally since May, 1955. The ABC 
recently assigned a new project the 
laboratory: a pressurized water nuclei? 
propulsion system for a surface 

of the destroyer type. In addition, t 








laboratory will develop a Pp . 
water power plant of advanced desi# 
for the submarine Triton. 
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Research Engineer: Before his recent promotion, this man was a 
member of a small research team comprising three E.E.’s and a 
technician. His specific project entailed the creation of a transis- 
torized electronic converter combining both digital and analog cir- 
cuitry. “Research is really on the move at IBM,” he says. “Per- 
sonnel has increased ten-fold since 1950 and we expect to maintain 
this pace for some time.” 


Could you handle their responsibilities? 


Jobs like these continually open up at IBM—due to 
rapid expansion. If you are an engineer or scientist—or 
have equivalent experience—you may be qualified for 
such a position. Innumerable opportunities exist in: 


® Computer systems planning ® Photo and magnetic device 


* Computer systems testing memory 
* Electronic circuit design @ Real time systems 
and packaging engineering 


e Electrostatic phenomena 
* Manufacturing process , 
control 


® Semi-conductor research, 
development, and 


earl 
® Numerical analysis and METETIND 


programming e Test equipment design 


The electronic computer field offers one of the best 
ground-floor career opportunities today. Economic 
experts rank it with automation and nucleonics in 
growth potential. Sales at IBM, the recognized leader 
in this fast-growing field, have doubled, on the aver- 
age, every five years since 1930, Engineering labora- 
tory personnel has quintupled in the past five years. 
IBM’s excellent salary and employee benefit program 
is instrumental in achieving an employee turnover rate* 
far below the national average. 





DATA PROCESSING 
DATA ELECTRIC TYPEWRITERS 
PROCESSING TIME EQUIPMENT 
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Manufacturing Engineer: Also promoted recently, this man worked 
in one of IBM’s many manufacturing plants. He was responsible for 
the analysis, design and procurement of equipment and facilities to 
produce the giant IBM electronic computers. “In a field as new as 
electronic computers,” he'll tell you, “unique manufacturing equip- 
ment is often imperative. Creating this new equipment is a real 
challenge to an engineer’s ingenuity.” 


Where would you like to work for IBM? 


IBM plants and laboratories 
are located in: 


Endicott, Kingston, New York 
City, Owego, Poughkeepsie, 

N. Y.; Burlington, Vt.; 

San Jose, Calif.; Wash- 

ington, D. C.; Greencastle, Ind.; 
Lexington, Ky.; Rochester, 
Minn.; Sherman, Texas. Branch 
offices in 189 cities through- 

out the U.S.A. 





SEND COUPON TODAY! 


R. A. Whitehorne, Dept. 10804 IBM Corp., 590 Madison Ave. 
Mgr. of Engineering Recruitment New York 22, N.Y. 
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Double Pole Switch 


More dependable action, greater safety 
and longer life are said to result from 
a newly developed type of double pole 
switch, in which mechanical and electric 
functions are completely separate. The 
lever-actuated, single-throw, normally 
closed switch has a non-conducting di- 
vision inside the case, separating the 
mechanical and electrical parts of the 
switch. Thus, the parts necessary to its 
mechanical operation carry no electric 
current, eliminating loss of tension and 
spring failure due to overheating and 
metal fatigue. Taitco Div., The Tait 
Mfg. Co., Dayton 1, Ohio. 
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Titanium Bellows 


Titanium bellows, used to allow for ther- 
mal expansion and contraction in air- 
craft ductwork, are made of special 
titanium alloys and weigh 44 percent less 
than stainless steel. They are produced 
in sizes ranging from 1 inch to 3% 
inches ID, and are rated to operate at 
50 to 400 psi. Construction is by special 
welding technique. Titeflex, Inc., Hendee 
St., Springfield 4, Mass. 
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Resin Processed Coil 


Processed with epoxy resin under vac- 
uum and electronically cured, a new 
solenoid coil has a void free, high density 
casting. It is impervious to corrosive 
fumes and has high resistance to ther- 
mal shock and physical abuse. The unit 
is completely waterproof and carries an 
unconditional guarantee for limitless 
continuous service under rated condi- 
tions. Hays Mfg. Co., Dept 414-A, W. 
12th St., Erie, Pa. 
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Nonlinear Potentiometers 


A new line of nonlinear, precision wire- 
wound potentiometers in standard and 
sub-miniature sizes is available for Sine- 
Cosine and Square-Law functions. The 
devices incorporate design advances that 
assure highest resolution and close con- 
formity for applications such as genera- 
tion of functions, transmission of angu- 
lar information, nulling in nonlinear 
systems and electro-mechanical data con- 
versions. Standard Sine-Cosine Acepots 
come in sizes 30 and 20 with tolerances 
of +0.5% peak to peak and +1.0% peak 
to peak respectively. Standard Square- 
Law Acepots are in AIA sizes 30 and 
20 with independent conformity toler- 
ances of +0.25% and +0.75% respec- 
tively. Nonlinear Acepots meet military 
specifications. Ace Electronics Associ- 
ates, Inc., 103 Dover St., Somerville 44, 
Mass. 
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Encapsuiated Networks 


Epoxy resin inside a molded, non-porous 
phenolic case, is used to encapsulate a 
new line of resistor-capacitor networks. 
This construction offers high resistance 
to heat-humidity cycling such as that 
encountered in miniaturized circuits. The 
units have applications in coupling, 
pulse-forming and r-c filter networks. 
Resistor values of the devices range 
from 1000 ohms to 10 megohms and 
capacitor values from 100 to 10,000 
micro-microfarads. Leakage resistance 
of the capacitors is greater than 10° 
megohm-micro-farads. Operating tem- 
perature range is 10 to 85°C. General 
Electric Co., Specialty Electronic Com- 
ponents Dept., Auburn, N.Y. 
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Devices For Outer Space 

High precision missile devices propelled 
by the new “exotic” fuels will be de 
veloped by Sperry Gyroscope Co. in3 
new lab. now under construction. These 
new solid and liquid fuels hold great 
promise for tiny, self driven, instruments. 
Solid propellants are non-radioactive ani 
basically stable, and may be safely ms 
chined and handled. If lighted with: 
match under room conditions they wil 
burn like a cigarette; but fired in: 
suitably enclosed container, they instant 
ly release enormous amounts of energy. 
A by-product of earlier research ™ 
guided missiles, propellants now being 
developed will give even greater rang 
and speed. Sperry Gyroscope Co., Dit. 
of Sperry Rand Corp., Great Neck, N.Y. 
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Read-Out Tube 


The first mass-produced read-out tuk 
is now in production. This small, l 
cost device provides a wide view 
angle and sharply defined digit contours 
The Nixie tube is inexpensive to instal 
and maintain, using a minimum of powe 
circuity, and components. It meets mil 
tary requirements for shock, vibrate 
and temperature, and is believed to ® 
the simplest all-electronic method 0 
performing the read-out function. Br 
roughs Corp., Detroit 32, Mich. 
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New Radar Tube 


Vilitary secrecy has been lifted from an 
dectron tube enabling radars to detect 
targets more clearly and at greater dis- 
tances. Developed under the sponsorship 
of the Army Signal Corps Engineering 
labs at Fort Monmouth, N.J., the new 
tube boosts the energy output of the 
basic signal 8 to 14 times. When added 
t existing air traffic controls, their 
fective range will be increased from 
00 miles to about 350. The amplitron 
tube helps also to improve the radar’s 
ability to distinguish fixed from moving 
targets, is valuable for use against 
memy electronic jamming, and as a 
navigational aid. Its small size and light 
weight increase the ability of planes 
and missiles to reach their objectives. 
Though it requires less than half the 
voltage required for conventional tubes, 
it is twice as efficient as any present 
tube of comparable bandwidth, and has 
10 times the bandwidth of any tube of 
comparable power. Raytheon Mfg. Co., 
Waltham, Mass. 
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One-Microsecond Decade 


A one-microsecond scaling circuit has 
been designed for use in nuclear scalers 
and regular counting equipment requir- 
ing extremely high speed and reliability. 
This is obtained by the use of a beam 
switching tube containing 10-stable beam 
positions. A single fast binary trigger 
is used to transfer the electron beam 
through each of the switching tube’s 10 
states. The decade readout is direct 
through ten-panel neon lamps. Two hot- 
cathode tubes are also employed—one, 
& premium type computer tube, the 
other, a Burroughs 6700. As the beam 
switching tube is stepped from 9 to 0, 
& negative output pulse is obtained 
which can be used to drive a mechanical 
register or another slower decade strip. 
Nuclear-Chicago Corp., 229 W. Erie St., 
Chicago 10, Ill. 
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Magnetic Amplifiers 


Long life magnetic amplifiers have been 
developed, containing no tubes or mov- 
ing parts, with instant warm-up and 
power gain up to a million per stage. 
The units may be used in voltage and 
frequency regulators for a-c and d-c 
motors, and where d-c power supplies 
tre used for computers, phototubes and 
testing devices. Consisting of a satur- 
able reactor and rectifier, the amplifiers 
are shock and vibration resistant, have 
ratings ranging from microwatts to hun- 
ireds of watts and are practically main- 
tenance free. American Electronics, Inc., 
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55 W. Washington Blvd., Los Angeles 
15, Calif. 
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THE WORLD 
OF MATHEMATICS 


By James R. Newman 


Reviewed by Helen Hassler, 
General Electric Co. 


It is with a feeling of interest and 
curiosity that one begins this four- 
volume set of essays and articles, and 
with a feeling of awe that one finishes 
it. It is a tremendous work—in scope, 
in sheer size, and in the taste shown 
in the selection of the writers repre- 
sented. 

Mr. Newman has done his mathe- 
matically-inclined readers a_ great 
service in presenting this book. He 
has selected representative works of 
a great many of the great mathe- 
maticians, scientists, and philosophers, 
from the time of A’h-mose to the 
present. The four volumes are sub- 
divided into several categories: Vol- 
ume I consists of selections on the 
general nature of mathematics, in- 
cluding some of the earliest mathe- 
matical and scientific treatises; a 
section of biographies of some great 
mathematicians and scientists; a dis- 
cussion of the foundations of arith- 
metic and numbers; and a section 
dealing with the mathematics of space 
and motion. 

Volume II presents the practical 
side of mathematics, consisting of 
three sections on “Mathematics and 
the Physical World”, “Mathematics 
and Social Science”, and “The Laws 
of Chance”. 

Volume III is concerned with the 
philosophical aspects of mathematics, 
containing, among others, a selection 
by Eddington on the theory of groups; 
Bertrand Russell and Hans Hahn on 
“The Mathematics of Infinity”; 
Peirce, Mach, and others on “The 
Mathematical Way of Thinking”; and 
selections on mathematics and logic, 
the vocabulary of mathematics, and 
mathematics as an art. 

Volume IV contains essays on 
mathematical machines, a section en- 
titled “Mathematics in Warfare”, and 
an exceptionally fine collection of 
essays on the relation of mathematics 
to ethics and culture. 

From the foregoing sketch of the 
contents of these books, it is evident 
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why almost anyone with a scientific 
or mathematical turn of mind will 
find at least some sections to be of 
interest to him. The subjects dealt 
with cover such an immense area that 
one is hard put to choose a starting 
point. And this reviewer, at least, 
found it difficult to close the book 
once one was opened. 

Under each subdivision are pre- 
sented selections from the works of 
those who contributed substantially 
to the subject. Mr. Newman displays 
a fine sense of discrimination in the 
selection of these works. Nothing su- 
perfiuous or trivial is presented, al- 
though several of the essays are 
lighter in vein than the usual scien- 
tific exposition. Most of them are di- 
rected toward the educated layman, 
having been originally presented as 
semi-popular lectures or articles. 
Some are of first importance in their 
field, such as Mendeleeff’s “Periodic 
Law of the Chemical Elements” and 
Mendel’s ““Mathematics of Heredity”. 
Others are the work of lesser-known 
authors, the “by-products” of more 
general inquiries. They are nonethe- 
less interesting and informative, giv- 
ing a breadth of scope to the books 
and an indication of the possible rami- 
fications of any mathematical or scien- 
tific study. 

Examples of these essays are 
“Mathematics of a Lady Tasting Tea” 
by Sir Ronald Fisher; J. B. S. Hal- 
dane’s “On Being The Right Size”; 
and a section at the end of the last 
book of puzzles and riddles. They im- 
part a feeling of the joy and beauty 
of mathematics, and leave one with 
an appreciation of the love which 
mathematicians bear toward their 
subject. 

The amount of knowledge contained 
in these four books is breathtaking. 
The objection might be made that it 
is disconnected or too fragmentary to 
be of much value, but in this re- 
viewer’s opinion such an objection 
would betray a rather narrow outlook. 
If nothing else, each section is a 
“teaser”—one is eager to pursue the 
subject further. And there are ample 
references with which to do so. Every 
essay is meticulously footnoted and 
annotated—a further indication of 
the amount of labor that has gone 
into the compilation of these volumes. 


To be sure, one could not gain a 
comprehensive knowledge of any of 
the subjects considered, on the basis 
of the selections included here. This 
is not the aim of the author—rather 
it is to give an idea of the immense 
scope of the application of mathe. 
matics to all fields, an idea of its 
history and development, and an ap- 
preciation of the work of those who 
have devoted their lives to mathe 
matics and science. Mr. Newman has 
done more than an admirable job of 
fulfilling his aim—he also leaves one 
with an appreciation for his own con- 
siderable contribution. 

The essays and articles themselves 
are, of course, the primary concern 
in the books. But this reviewer also 
found Mr. Newman’s commentaries to 
be most interesting and informative. 
These commentaries appear before 
the selections of each author, and 
consist of a brief biography and a 
few interesting sidelights on the av- 
thors’ lives and works. They are often 
humorous—not at all objectionable in 
such a lengthy work. They are written 
in a style which brings the “great” 
men back to the realm of human be 
ings. and raises the lesser-known men 
to their rightful place in man’s search 
for knowledge. 

Many of the articles are difficult— 
this is not a work for those who ar 
looking for an easy explanation of the 
universe. But for those who wish to 
enlarge their understanding of the 
development of mathematics, and for 
those who wish to understand the 
fascination of it, as well as for those 
who already have sampled its beauties, 
this is surely a monumental contribu- 
tion. 

Simon and Schuster, 680 Fifth Ave, 
N.Y.C. 2. 469 pp., $20. 


PRODUCTION FORECASTING, 
PLANNING AND CONTROL, 

By E. H. MACNIECE. 

John Wiley & Sons, 440 Fourth Avt, 
NYC 16. 363 pp + index, $8.25. 


Primarily intended as a textbook 
for a one-semester course in produc 
tion forecasting, planning, and col 
trol, this book may also be used by 
executives who wish to bring up 
date their information about a field 
in which much progress has beet 
made during recent years. —1S 
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No. 18802 Cenco High Torque Motor Stirrer, 
115 volts, 60 cycle AC. 89.00 





cence 












The most complete line of 1734 
scientific instruments and lab- 


oratory = in the world 








No. 18802H, same as above but with universal 
$110.00 


left—Drive shaft parollel with 
face of cone insures high torque 
end constont speeds under vary- 
ing lood conditions. Speed & 
easily odjusted by merely turn- 
ing the knurled knob at the top. 





Reasons Why 
CEC 


High Torque 


STIRRERS 


DO #A BETTER JOB— 


This unit is designed to handle a simple or 
critical stirring job with maximum efficiency. 
It’s engineered and built for absolute depend- 
ability under the most exacting requirements. 
Light liquids or viscous . . . high or low speed 
... Constant or varying consistency . . . what- 
ever the job, it will do it the way you want it 
done . . . perfectly. 


Here are a few of the reasons why: 


@ High torque at all speeds. 

@ Precise control of speed from 100 to 1300 rpm 
without reducing stirring effectiveness. 

@ Adequate power for stirring extremely viscous 
liquids. 

@ Fully enclosed cone drive protected from fumes, 
oil spattering, etc. 

@ Stainless steel parts resist Corrosion. 

® No variation of stirring speed though con- 
sistency of liquid may change greatly. 

@ Improved double-grip chuck provides tight 
clamping and perfect alignment of stirring rod. 

@ Finger-tip speed adjustment with indicator 
showing speed setting. 
Cenco High Torque Stirrers are preferred by 


laboratory technicians all over the country. 
Order yours today. We'll make prompt shipment. 


CENTRAL SCIENTIFIC COMPANY 


IRVING PARK ROAD, CHICAGO 13, ILLINOIS 
BRANCHES AND OFFICES—CHICAGO * MOUNTAINSIDE, N. J. © BOSTON + BIRMINGHAM © DETROIT 
CENTRAL SCIENTIFIC CO. OF CALIFORNIA—SANTA CLARA + LOS ANGELES 

REFINERY SUPPLY COMPANY—TULSA + HOUSTON 

CENTRAL SCIENTIFIC CO. OF CANADA, LTD.—TORONTO « MONTREAL © VANCOUVER « OTTAWA 


CIRCLE 77 ON PAGE 48 FOR MORE INFORMATION 





HERE’S A BRIEF REVIEW OF LAST MONTH'S 
PRODUCT ADS FOR YOUR INFORMATION. 


Tubes That Remember 78 
These tubes memorize and process elec- 
tronic data, so millionths of seconds 
stand still. 


Radio Corp. of America, Harrison, N.J. 


Permanent Magnets 79 
This firm offers the most complete facili- 
ties for magnet production and research. 


Indiana Steel Products Co., Valparaiso, Ind. 
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service request form... 


| WANT TO RECEIVE MY PERSONAL COPY 
OF R/E (not now receiving it) 


(R/E is sent without charge to managers of research, de- 
sign, development and engineering departments in all 
industry and in U. S. Government R & D installations.) 


1. Number of persons under my supervision: 


2. The functions of my department include: 
(Check all that apply) 


3. Principal product(s) made by my company 


PLEASE TYPE OR cone 
Name 
Title 
Company 
Company Address 


City 


CHECK BOX AND 
FILL IN ANSWERS TO QUESTIONS BELOW 


im 








Fr’) Research 
[} Production 


[] Design [] Development 


[] Engineering 






































MUST BE SIGNED 


Signature 
Date 


ADDRESS CHANGE: 


Present address is shown above. | was receiving R/E at the old address 
shown below: 


Company 


City 


























Automatic Voltage Regulators 80 
These sensitive, rugged instruments keep 
input voltages precisely constant. 


The Superior Electric Co., : 
1803 Bradley Ave., Bristol, Conn. 


What Is Lithium? si 
It is many things for many uses, as 
shown in this firm’s technical data bul- 
letin. 


Foote Mineral Co., 455 Eighteen West 
Chelten Bldg., Philadelphia 44, Pa. 


High Temperature Insulation 82 
The problem of insulation at extreme 
temperatures is solved by these refrac- 
tories. 


Refractories Div., The Carborundum Co., 
Perth Amboy, New Jersey 


Applications Aid 83 
This company’s field engineers can help 
you get more out of your oscilloscope. 


Tektronix, Inc., Box 831, Portland, Ore. 


Speed Valves 84 
Fast tubing assemblies to 10,000 psi are 
easy with these valves and fittings. 


Autoclave Engineers, 2934 22nd St., Erie, Pa. 


Lithium Metal 85 
Diverse physical and chemical properties 
make lithium a valuable research tool. 


Lithium Corp. of America, Inc., 
2697 Rand Tower, Minneapolis, Minn. 


Hydroxylamine Salts 86 
These nitroparaffin derivatives have tre- 
mendous potential for experimentation. 


Commercial Solvents Corp., Industrial 
Chemicals Div., 260 Madison Avenue, N.Y.C. 16 


Interference Microscope 

This instrument accurately me 
minute depths of roughness on 
surfaces. 


Carl Zeiss, Inc., 485 5th Ave., N.Y.C. 17 


Hydraulic Fluids 

This company can develop a new 
to do exactly what your project 
require. 


Monsanto Chemical Co., Functional Fluids 
Dept RE 1, 800 N. 12th Bivd., St. Louis, Mo. 


Transformer Designers 
This firm specializes in designing trail 
formers to meet exacting conditions, 7 


Altec Lansing Corp., 1515 South 
Manchester Ave., Anaheim, Calif. 


Power Resistor 

This unit has drift-free stability 
overload capacity needed in instrume 
tation. 4 


Ward Leonard Electric Co., 
12 South St, Mt. Vernon, N.Y. 


Getting Things Done 
This visual control system gives & . 
ture of all your operations at a gia 


Graphic Systems, 55 W. 42nd St., N.Y.C. 36 


Binary Code Discs 
These standard discs are available 
four versions for different type @ 
pick-ups. 4 
W. & L. E. Gurley, 531 Fulton St., Troy, N.Y. 


Pump Problems Solved 

This gasketless pump eliminates PIV 
lems in handling corrosive and al 
fluids. 

Vanton Pump & Equip’t Corp., Hillside, NJ. 


FOR ADDITIONAL INFORMATION 


For more data on items advertised or described editorially, circle 
corresponding number and fill in complete address form above. 


PLEASE USE THIS FORM BEFORE JUNE 1. 
11 21 31 41 51 61 71 81 
12 22 32 42 52 62 72 82 
13 23 33 43 53 63 73 83 
14 24 34 44 54 64 74 84 
15 25 35 45 55 65 75 85 
16 26 36 46 56 66 76 86 
17 27 37 47 57 67 77 87 

28 

29 


Reagents Only 

This plant is designed exclusively 
developing and manufacturing lab 
cals. 


Fisher Scientific, 100 Fisher Bidg., 
Pittsburgh 19, Pennsylvania 


Precision Optics 87 
This firm offers the most advanced tech- 
niques in optical applications. 


Texas Instruments, Inc., Optics Div., 
104 E. Foothill Blvd., Monrovia, Calif. 


Pipe Heaters 88 
These electrothermal units give heat 
where you want it, when you want it. 


Standard Scientific Supply Corp., 
808 Broadway, New York 3, N.Y. 


Custom-Made Chemicals 
This firm’s service may help you & 
production without capital in 


General Chemical Div., Allied ; 
Chemical & Dye Corp., 40 Rector St., N.Y.C. 


18 38 48 58 68 78 88 
19 39 49 59 69 79 89 
20 30 40 50 60 70 80 90 


CLIP OUT AND MAIL TO: 


RESEARCH & ENGINEERING 
103 PARK AVENUE 
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RESEARCH & ENGINEERI® 








